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INTRODUCTION 


HIS communication presents observations on the circulation of a 

young man with multiple arteriovenous fistulas in his forearm. 
It deals with the heart rate, the arterial blood pressures, the venous 
blood pressures, the volume of the arm containing the fistulas, the 
oxygen content of arterial and venous blood, the circulation times, 
the oxygen consumption, the blood volume, the output of the heart, 
the volume of blood flowing through the fistula, and the work of the 
heart. Some of the observations are not new, and serve only to con- 
firm well-established facts. Others, however, deal with aspects of the 
cireulation which have not been thoroughly studied in human beings with 
this disorder of the circulation. Particular attention is directed to the 
cardiae output and the total blood volume. 

Several instructive investigations of the circulation in cases of 
arteriovenous fistula have been recorded: Reid ;'*? Lewis and Drury ;* 
Harrison, Dock, and Holman;* Holman;>* Ellis and Weiss ;* Laplace ;° 
Gibbon and Churehill;’” Reid and McGuire ;'' MeGuire, Hauenstein, 
Stevens, and Sharretts;'? and others. Some of these articles, which 
bear particularly on the cardiac output or the blood volume, may be 
considered briefly. 

Lewis and Drury’ observed a man with a right-sided femoral arterio- 
venous fistula. They found no change in the general venous pressure 
upon opening and closing the fistula, and their plethysmographiec ob- 
servations indicated that, upon compression of the fistula, there was 
an inereased flow of blood to both the left arm and left leg. These two 
observations were used as evidence for their conclusion that the output 
of the heart remained practically unaltered, whether the communica- 
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tion was open or closed. To quote: ‘‘To sum up, it seems to be an 
unavoidable conclusion that the sole change of importance occurring 
in the circulation of blood on closing the arteriovenous aneurysm was 
that that portion of blood, hitherto passing through the aneurysm di- 
rectly to the vein, was now directed to the capillaries, and through 
these reached the veins; and that by this mechanism the filling of the 
veins and the output of the heart were maintained at what was prac- 
tically a constant point.’’ 

Lewis and Drury* also recorded observations made on dogs with 
surgically produced arteriovenous fistulas. They found that femoral 
vessel anastomosis ‘‘is apparently without influence upon the general 
venous pressure. When the iliac vessels were used the venous pressure 
may or may not change.’’ The maximum rise observed by them was 
9mm. of water. They measured the output of the heart by a recording 
ventricular volume apparatus, and found inereases in cardiac output 
only in those cases in which rises of venous pressure were observed, 
that is, only when there were anastomoses of larger vessels. They con- 
cluded that cardiae output and venous pressure run hand in hand. 

Harrison, Dock, and Holman,‘ using the ‘‘direct Fick’’ method, pre- 
sented evidence that, with surgically produced arteriovenous fistulas in 
dogs, the cardiae output was increased by the presence of the fistula. 
All four of their dogs had an increased output after the production of 
the fistula, and these outputs again approached their preoperative 
levels after closure of the fistula surgically. When the fistula was 
open the eardiae output was increased by almost 100 per cent. 

Gibbon and Churchill'® induced arteriovenous fistulas in cats for the 
purpose of studying the increased volume flow of blood through the 
lungs. They used the Fick method, and found the output of the heart 
increased on opening the fistula. The increase varied from 24 per cent 
to 59 per cent in five different eats. 

Gley and Gomez'* made observations on one dog, using the carbon 
dioxide, arteriovenous difference, and the Fick principle, and found 
the eardiae output approximately doubled with the fistula open. 

Reid and MeGuire"™ studied the effects of large fistulas between the 
abdominal aorta and the vena cava in dogs. The cardiae output, meas- 
ured by the direct Fick method in three dogs, was increased over 100 
per cent (average) in acute experiments. The blood volume was 
measured, and, they concluded, ‘‘our studies, thus far, fail to confirm 
the observations of Holman and others, who have reported a large in- 
crease in the blood volume in eases of arteriovenous aneurysms.’’ 

In addition, they found that the cireulation time, measured by the 
sodium eyanide method, was longer than usual if a vein distal to the 
fistula was used, and shorter than usual if one proximal to the fistula 
was utilized. The flow of blood through the vena cava, as measured by 
a Venturi meter, was greatly increased by the presence of a fistula. 
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MeGuire, Hauenstein, Stevens, and Sharretts'? reviewed and evalu- 
ated most of the evidence concerning the circulatory changes caused 
by arteriovenous fistulas. They point out that there is good agreement 
on many of the observations, but that several points are still contro- 
versial, and among these are the changes in cardiae output, blood vol- 
ume, and the venous pressure proximal to the fistula. 

The cardiac output in the presence of an arteriovenous fistula has 
been measured in human beings by several workers. Ellis and Weiss* 
recorded observations made with the acetylene method of Grollman.”* 
Their results indicated no considerable change in cardiae output, but 
the authors carefully point out the possibility that recirculation may 
have occurred during the rebreathing period, and that their figures for 
the output when the fistula was open may be too low. 

Smith,” using the method of Field, Bock, Gildea, and Lathrop,’® 
realized that the factor of recirculation was important, and conse- 
quently obtained gas samples within twelve to fourteen seconds in an 
attempt to minimize the effect of recirculation.” He made twenty- 
three cardiae output determinations over a period of three months on 
a patient with a femoral arteriovenous fistula who also had congestive 
heart failure and hypertension. Before surgical elimination of the 
fistula the ecardiae output averaged 8.95 liters per minute. During the 
two weeks after the operation the cardiac output averaged 3.76 liters 
per minute. Two months after operation, when the signs of the fistula 
had reappeared, the cardiae output averaged 6.77 liters per minute. 

Laplace® recorded observations on a patient with a femoral arterio- 
venous fistula and moderate heart failure. He used the Starr and 
Gamble'® modification of the ethyl iodide method in making determi- 
nations of the cardiac output with the fistula open and closed. He also 
utilized the acetylene method of Grollman for determinations of the 
output with the fistula closed. With the fistula open he found that 
the average cardiac output was 5.15 liters per minute (cardiac index, 
2.64) ; with the fistula closed by compression, the average cardiac out- 
put was 4.13 liters per minute (cardiae index, 2.12). After operation 
for elimination of the fistula the average cardiac output was 3.91 liters 
per minute (cardiac index, 2.02). He concludes that an increased 
minute volume is a compensatory mechanism when the leak is of signifi- 
cant size and the heart is sufficiently competent. 

Horton,’® in a brief communication, stated that the cardiac index 
was higher than normal by the acetylene method. The factor of re- 
circulation was not mentioned. 

In measuring the cardiac output the factor of recirculation is of 
sufficient importance to cast doubt on results obtained by the acetylene 
method unless certain precautions are observed. Those obtained by the 
ethyl iodide method seem acceptable. 

There are several reports of observations on the blood volume in 
the presence of an arteriovenous fistula. The blood volume was investi- 


136 AMERICAN HEART JOURNAL 


gated by Holman® in dogs. By the method of Hooper, Smith, Delt, 
and Whipple,”’ he found the blood volume considerably increased in 
the presence of large, surgically produced, arteriovenous fistulas. He 
concluded that the increase in blood volume roughly followed the size 
of the fistula. Ellis and Weiss* found that the blood volume was within 
normal limits in a patient with a femoral arteriovenous fistula; they 
used the Keith, Rowntree, and Geraghty technique.*' 

In a more recent report, Holman’ found that the blood volume of 
two young dogs was increased 250 ¢.c. and 590 ¢.c., respectively, as 
compared with a litter mate control, at an interval of about three 
months after the establishment of large fistulas. From the protocol 
it seems possible that the dog with the largest increase in blood volume 
also had congestive heart failure. Blood volume determinations on 
several patients before and after operative closure of the fistula showed 
a consistent drop after operation. The method by which the blood 
volume was estimated is not mentioned, although a dye method was 
used. He believes that the increase in blood volume is in proportion to 
the increase in the vascular bed caused by the fistula. 

Reference has been made earlier to the work on blood volume done 
by Reid and MeQuire,'' and by MeGuire, Hauenstein, Stevens, and 
Sharretts.'? Gibson and Evans”? have pointed out the difficulties in 
blood volume determinations involving the use of red dyes which many 
of these methods employed, and Kennedy and Millikan** and Greger- 
sen, Gibson, and Stead®* have summarized these difficulties. 

The study of our patient adds to this available information regard- 
ing changes in eardiae output, blood volume, and other dynamic 


aspects of the circulation. 
REPORT OF THE PATIENT 

A 19-year-old boy entered the surgical service of the Peter Bent Brig- 
ham Hospital in May, 1936, complaining of an enlarged left forearm. 
Ten years before, at the age of 9 years, he had fallen out of a swing and 
bruised his left forearm. During the several weeks after the injury the 
arm was greatly swollen, and, soon afterward, large, dilated veins began 
to appear near the site of the injury. (It is not known whether the sub- 
cutaneous tissue was discolored at the time of the injury.) The veins 
became more prominent and the left forearm larger during the succeed- 
ing years. This change was associated with a sense of heaviness and 
awkwardness, but with no muscular disability. 

On physical examination the only abnormalities were those observed 
in relation to the left arm and the cardiovascular system. The left fore- 
arm was markedly enlarged; the cireumference measured 8 em. greater 
than the normal arm. The veins of the forearm were tense and greatly 
dilated, and were most prominent over the extensor surface, where they 
formed a tortuous venous plexus which pulsated, both visibly and 
palpably. The pulsation was synchronous with the radial arterial pulse. 
There were both a continuous thrill and a loud continuous murmur over 
the dilated plexus of veins and in the antecubital fossa. Both thrill and 
murmur were accentuated with each systole, and both ceased abruptly 
when the brachial artery above the elbow was occluded. 
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The heart rate was somewhat rapid and a soft systolic murmur was 
present over the precordium. This murmur could be traced outward 
along the course of the left brachial artery to the region of the distended 
veins, where it was found to be inseparable from the systolic phase of 
the murmur described as heard there. This precordial murmur, in spite 
of its location, was considered to be an extracardiac, transmitted mur- 
mur, and not generated within the heart. The heart was not enlarged, 
and there were no signs of eardiae failure or even of limitation of eardiae 
reserve. The vital capacity was 4,650 c.e. 


Fig. 1.—Infrared photograph of right and left forearms, showing relative size and 
venous distension. 


There was no anemia, the urine was normal. and the blood Wasser- 
mann reaction was negative. 

A photograph of the left forearm, showing its size (relative to the 
right) and the visible veins on its surface, is shown in Fig. 1. Arterio- 
grams of the affected vessels are shown in Fig. 2. 

The signs were those of a large arteriovenous connection, and this 
diagnosis was made. As will be seen, many of the special measurements 
gave support or added detail to that diagnosis. 
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OBSERVATIONS ON THE CIRCULATION 


These measurements will be deseribed under the following headings: 
(a) heart rate, (b) arterial blood pressure, (¢) arm volume, (d) blood 
volume, (e) venous blood pressure, (f) circulation time, (g) oxygen con- 
tent of the blood in the veins, and (h) cardiae output. The observations 
were made by accepted methods (which will be mentioned) and, unless 
otherwise stated, under so-called ‘‘basal’’ or ‘‘standard’’ conditions. It 
was hoped that it might be possible to study these functions both in the 
presence of the fistula and after its cure by operation, but, unfortunately, 


Fig. 2.—Arteriogram, showing prompt entrance of opaque substance into venous 
plexus. 

the patient turned out to have multiple fistulas of the left forearm, and 
several operations have not restored to integrity the circulation in this 
arm. Therefore, most of the observations refer to the situation as it was 
when the patient first came under observation. 

a. Heart Rate: The average basal heart rate before operation was 82 
per minute; on several occasions it fell below 80 per minute. Sudden 
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closure of the fistula (compression by inflation of a blood pressure cuff) 
was followed by immediate slowing of the heart rate by an average of 
18 beats per minute (from 14 to 23 on separate observations). It was 
found that rather vigorous carotid sinus stimulation on the right side 
was followed by slowing of the heart to approximately the same rate as 
that following closure of the fistula. Stimulation of the left carotid 
sinus elicited no such response. Simultaneous stimulation of the sinus 
and closure of the fistula were followed by the same degree of slowing of 
the heart rate as either one performed separately. 

Electroecardiograms taken under basal conditions were normal. Trac- 
ings taken after closure of the fistula and after carotid sinus stimulation 
showed slowing of the rate, but no change in the form of the complexes. 
Slowing of the heart rate upon closing the fistula was observed after 
exercise as well as under basal conditions, the only difference being that 
the slowing was of lesser extent. 

b. Arterial Blood Pressure (at rest and recumbent): Before the first 
operation the blood pressure was 110/0 in the left arm, 102/60 in the 
right arm, 124/82 in the right leg, and 128/78 in the left leg. These 
values represent averages of several measurements. After quickly clos- 
ing the fistula by oeeluding the left brachial artery (mereury manometer 
at 160 mm.), the diastolic pressure in the right arm was elevated 10 to 
15 mm. The systolic pressure usually was elevated only a few mm. 
under these circumstances. 

ce. Arm Volume: The volume of each forearm and hand was measured 
by its displacement of water. It was found that the volume of the left 
forearm was greater by 595 ¢.c. (average of two measurements). <A large 
part of the increased volume was probably due to blood in the overfilled 
veins. 

d. Blood Volume: The cireulating blood volume was ascertained by 
the method of Gibson and Evans*?? (see also Gibson and Evelyn**). This 
method employs a blue azo dye and is more accurate than the red dye 
method. The results of the blood volume measurements are shown in 
Table I. Before the first operation the total blood volume was 6,770 e.c. 
According to the data of Gibson and Evans,”® the theoretical normal 
blood volume of this patient was 5,475 ¢.c. His blood volume was there- 
fore 24 per cent greater than the expected normal. After the operations 
his blood volume fell to about 5,800 e.e., which is about 6 per cent greater 
than the theoretical normal. Six months later it was again observed at 
this level, but during the following five months it fluctuated, reaching 
the preoperative level twice. We are not able to offer an explanation 
for the fluctuations in volume. It is to be noted that the fistula was 
never permanently closed, although there were times after operation 
when the thrill and murmur were considerably lessened. 

e. Venous Blood Pressure: The venous pressure was measured by 
the direct method of Lyons, Kennedy, and Burwell.?* A small amount 


*We are indebted to Dr. J. G. Gibson, II, and Dr, William A. Evans, Jr., for their 
cooperation in making these measurements of the blood volume. 
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of procaine was used to anesthetize the tissues overlying the vein be- 
fore each measurement. The zero point of the manometer was set 10 
em. anterior to the skin of the back with the patient lying flat on 
his back. With the fistula open the pressure in the right antecubital 
vein was 95 mm. of water, and in the right femora! vein was also 95 
mm. Ocecluding the fistula for several minutes had no measurable 
effect on the pressure in the right arm and leg veins. 


TABLE I 


| AVERAGE | PER CENT 


CRIT 
POTAL NORMAL OF NOR- 
PLASMA |PER CENT] BODY SURFACE 
BLOOD | TOTAL MAL 
| VOLUME CELLS WEIGHT AREA | 
VOLUME AVERAGE (KG uM.) | BLOOD TOTAL 
(C.C.) je 4 XG.) votume | BLOOD 
| (c.c.*) | VOLUME 
SAMPLES | 
5/21/36 6,770 4,000 40.9 65.8 1.84 D475 | +24 
6/ 4/36 First operation 
10/ 1/36 5,850 | 3,215 45.1 65.3 1.84 | 5,475 +7 
10/7 to 24/36} Second operation (series) | 
12/23/36 5,770 Sa85 | 42.4 65.9 1.84 5,475 | +5 
4/15/37 6,120 3,500 42.8 68.8 1.88 | 5,650 | +8 
4/29/37 7.020 | 4,070 41.9 68.8 1.88 | 5,650 +24 
6/ 9/37 6,040 3,340 44.7 67.0 1.86 | 5,550 +9 
9/16/37 6,880 53,950 , 48.4 67.5 1.86 | 5,550 +24 


*Data for normal blood volume from Gibson and Evans. 


In the left arm (the one containing the fistula) the pressures were 
elevated. In veins of the dilated plexus on the dorsum of the forearm, 
pressures of 295 to 455 mm. were observed. There was a marked pulsa- 
tion in these veins that was transmitted to the fluid in the manometer, 
where an oscillation of about 5 mm. was seen; the increase in pressure 
was synchronous with the radial pulse. In other veins a short distance 
from the dilated plexus the pressure was 175 mm., and in veins on the 
arm several centimeters proximal to the elbow, still more distant from 
the dilated plexus, the pressure was 120 mm. Thus, there was a fall 
in the pressure with increasing distance away from the fistula (Fig. 3). 

In order to ascertain whether the elevation of pressure in the abnor- 
mal arm was caused by the fistulous leak or was of central origin, the 
venous pressure was measured simultaneously in the right femoral vein 
and the left cephalic vein at the mid-arm (halfway between elhow and 
shoulder). The cuff of a mercury arterial blood pressure manometer 
was placed about the arm just proximal to the elbow, but distal to the 
site of the needle of the venous pressure manometer, so that the venous 
channel from the superior vena cava outward to the blood pressure 
cuff was unobstructed. The cuff was then inflated to a pressure of 150 
mm, Hg, thereby stopping the flow of blood through both the arteries 
and veins below that level. Before thus interrupting the flow through 
the fistula, the pressure in the femoral vein was 93 mm., and, in the 
left cephalic vein, 145 mm. After occlusion by the manometer cuff, the 
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pressure in the femoral vein was 92 mm., and, in the cephalic vein, 90 
mm. It is clear from this observation that the pressures in the superior 
and inferior caval systems were equal when the fistulous opening was 
shut off, and that the elevation of pressure in the veins of the left arm 
was due to the leak from the arterial to the venous channels in a 
localized area. 

The venous pressure was increased near the fistula, but not in the 
veins of the body generally. In the right (normal) arm and right leg 
the venous pressure was normal and equal, and in neither was the 
pressure changed by opening and closing the fistula temporarily. In 
the left arm, the pressure was elevated in veins as near the heart as 
measurements could be made in (that is, in the cephalic vein near the 
shoulder, which was 25 em. from the fistula). 


95 MM. 


Fig. 3.—Diagram showing normal venous pressure in the right arm and right leg, and 
elevation of the venous pressure in the vicinity of the arteriovenous fistula. 

f. Cireulation Time:. The circulation time was measured by intra- 
venous injection of sodium dehydrocholate (Decholin). The circula- 
tion time from the right antecubital vein to the tongue (i.e., in the 
normal arm) was 22 seconds, 17 seconds, and 18 seconds on three ocea- 
sions. The circulation time from one of the large dilated veins of the 
left forearm to the tongue was much more rapid, namely 12.5 seconds, 
11.5 seconds, and 12.5 seconds on three separate occasions. From the 
femoral vein, 2 inches below the inguinal ligament, to the tongue, the 
circulation time was 19 seconds on two occasions. 

The cireulation time from veins of the right arm and right leg to 
the tongue was normal, and remained the same whether the fistula was 
open or closed. Thus, thé speed of circulation of venous blood in parts 
of the body not in the vicinity of the fistula was not influenced by 
temporary closure of the fistula. 

g. Oxygen Content of Venous Blood: The oxygen content of blood 
drawn from veins of the right arm, right leg, and left wrist (distal to 
the fistula) was at a level of 75 to 80 per cent saturation. Blood drawn 


95 455~b 
© 120 
a? 


142 AMERICAN HEART JOURNAL 


from veins nearer the fistula was more completely saturated. The 
blood in the veins of the dilated plexus on the dorsum of the left fore- 
arm had an oxygen saturation of 94 per cent, and that from veins a 
few centimeters from the dilated plexus, a saturation of 90 to 93 per 
cent. Arterial blood drawn from the femoral artery was 94.2 per cent, 
94.7 per cent, and 95 per cent saturated with oxygen on three separate 
oceasions. 

It is clear from these observations that blood drawn from veins near 
the fistula was at an oxygen saturation closely approaching that of 
arterial blood. 

h. Cardiae Output: There are inherent difficulties in measuring the 
output of the heart when the circulation is affected by the presence of 
an arteriovenous fistula of considerable size. It is generally agreed 
that the acetylene method of Grollman"™ is an acceptable method for 
cardiac output measurements on normal persons, and it was desired to 
use this method. In using it, there are two important conditions that 
must be fulfilled. The first is that there must be a thorough mixing 
of the gases in the lung-bag system before the gas samples are taken. 
The second condition is that all gas samples must be taken before any 
considerable recirculation takes place, that is, before blood which 
leaves the lungs containing acetylene returns to the lungs again. If 
either of these conditions is not fulfilled, the observed arteriovenous 
oxygen difference will be incorrect. With sufficient training the first is 
not difficult. In applying this method to this patient, it was of im- 
portance to know the actual time required for recirculation of the 
blood, that is, for blood to leave the lung capillaries, pass through the 
fistulous opening, and return again to the lung capillaries. 

For convenience in studying, the recirculation time was divided into 
two separate periods: first, the time required for the blood to pass 
from the lung capillaries to the fistula, and, second, from the fistula 
back to the lung capillaries. These two periods were measured sepa- 
rately. 

To measure the fistula-to-lung circulation time, the ether method of 
Hitzig®* was used. A large vein of the dilated plexus on the left fore- 
arm was selected; it was the one in which the highest per cent of 
oxygen saturation and the highest venous pressure were observed. 
Two separate measurements (5.2 seconds and 6.5 seconds) averaged 
5.9 seconds. 

The lung-to-fistula time was measured with more difficulty. A sub- 
stance was sought that could be inhaled, would pass into the blood, 
could be recovered at the periphery, and be recognized in a small vol- 
ume of blood. It was found after many trials with several substances 
that carbon monoxide would satisfy these criteria. The measurement 
of the lung-to-fistula time was made in the following way: Three hun- 
dred cubie centimeters of freshly made carbon monoxide gas, mixed 
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with 600 ¢.c. of air, were placed in a rubber bag to which an airtight, 
two-way, metal valve and rubber mouth piece were attached. A num- 
ber 18 lumbar puncture needle was then inserted into the vein at the 
same time previously used for ether injection. A brisk flow was ob- 
tained because of the elevated pressure. The end of the needle was 
then held in such a position that the blood ran directly into each of 
a succession of small glass tubes which contained 0.5 ¢.c. of aqueous 
potassium oxalate solution (0.5 ¢.e. of solution containing 1 mg. of 
potassium oxalate). The tubes were attached to the rotating drum of 
a kymograph which was so regulated that each tube passed the end of 
the needle in one second (see Fig. 4). In this way blood was collected 


Fig. 4.—Arrangement of tubes for collecting samples of blood at one-second intervals. 


in the tubes from the vein at one-second intervals. After six to eight tubes 
had rotated past the needle, each collecting a one-second sample of blood 
to use as controls, the valve was turned at a given signal and the 
subject quickly inspired the contents of the bag and held the inspira- 
tion for twenty to thirty seconds. The time of inspiration was recorded 
on the drum. This method of collecting blood samples at short inter- 
vals is similar to that introduced by Moore, Kinsman, Hamilton, and 
Spurling.*' Such samples were collected for six to eight seconds be- 
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fore, and twenty to twenty-five seconds after, inhalation of carbon 
monoxide. These tubes were then removed from the drum, shaken 
slightly to mix and prevent clotting, and then immediately examined 
for the presence of carbon monoxide hemoglobin.* This was done by 
means of a photoelectric cell and a specific light filter. The filter is 
one of a series of specific filters which pass only a narrow band of wave 
lengths*of light, and has been used to study compounds of hemoglobin 
by Evelyn.2* *" With this device, minute traces of carbon monoxide 
hemoglobin can be detected. In one of two separate observations the 
carbon monoxide hemoglobin appeared first in the tube collecting blood 
during the sixth to seventh seeonds after inhalation, and, in the second 
observation, in the tube colleeting blood during the fifth to sixth see- 
onds. These two observations averaged six seconds. Thus the total 
time required for recirculation from the lungs through the fistula and 
back to the lungs was approximately twelve seconds. Therefore, if, in 
using the acetylene method, the gas samples were collected within 
twelve seconds after the beginning of rebreathing, recirculation should 
not have oceurred in sufficient amount to cause significant error, and 
the observed arteriovenous oxygen difference should be valid. 

The three-sample, acetylene method of Grollman was used through- 
out. The subject was thoroughly trained in the technique of rebreath- 
ing, and was able to inhale and exhale, completely, 2,000 ¢.c. of acety- 
lene mixture at a rate of more than once per second. Usually the gas 
in the lung-bag system was mixed in six seconds. Gas samples were 
taken at six, nine, and twelve seconds, and two separate arteriovenous 
oxygen differences were obtained. To be acceptable, these two must 
agree within about 10 per cent. 

The cardiac output was measured many times under these conditions, 
and the observations are presented in Table II. (All observations were 
made with the subject under basal conditions, that is, fasting for at 
least twelve hours and having remained completely relaxed in a quiet 
room for at least forty minutes before the observation. ) 

It is clear from these data that the output of the heart was greatly 
increased when the fistula was open. The theoretical normal value for 
this man’s cardiae output, assuming a normal cardiae index of 2.2 per 
square meter of body surface, was about 4,100 ¢.¢. per minute. This 
theoretical normal value corresponds well with the actual cardiac output 
of 3,960 ¢.¢. per minute whieh was observed after closure of the fistula 
for forty-five seeonds. 

The observation on June 26, 1936, may not be a true measurement of 
the cardiae output with the fistula ‘‘closed,’’ for an insufficient lapse of 
time may have been allowed between closure of the fistula and beginning 
of rebreathing to allow the cireulation to become adjusted under these 


*We are grateful to the Surgical Research Laboratory of this hospital for help 
in making the carbon monoxide determinaitons. 
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OBSERVATIONS ON THE CARDIAC OUTPUT AND RELATED DATA 
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OXYGEN 


CON- BASAL BASAL | ARTERIO- | CARDIAC | CARDIAC |SYSTOLIC 
SUMP- META- PULSE | VENOUS | OUTPUT INDEX OUTPUT 
DATE TION BOLIC RATE OXYGEN PER LITERS PER 
PER RATE PER DIFFER- | MINUTE PER BEAT 
MINUTE (%) MINUTE ENCE (C.c.) SQ. M. (C.c.) 
Fistula Open 
6/ 3/36 230 | -11 |~ 81 38.9 | 5,950 | 3.2 | 79 
| | | 33.3 | | | 
6/ 4/36 | First operation | | 
7/ 3/36 | 248 5 |: 87 47.6 | 5,220 28 | 60 
48.1 
9/28/36 254 —3 | S4 52.2 | 4,950 27 59 
| | 50.6 | 
10/7 to 24/36 | Second operation ! | 
11/27/36 221 -12 | 81 42.2 5,190 2.9 64 
| 42.9 
12/24/36 246 -7 | 80 48.0 | 4,800 2.6 G4 
| 54.7 
2/10/37 235 —7 82 57.3 | 4,240 2.2 al 
53.5 | 
2/23/37 232 —16 77 51.1 | 4,630 24 | 6S 
49.0 | 
4/13/37 247 —4 74 58.1 | 4,220 2.2 62 
59.1 | 
6/ 8/37 238 —6 8] | 4,320 
| | 55.4 | 
Fistula Closed 
6/25/36 2414 —S | 74 55.4 | 4,410 2.4 dl 
53.9 | 
10/7 5/36t 227% 74 56.9 | 3,960 54 
| 58.2 | 


closed for about twenty seconds before rebreathing begun. 
closed for forty-five seconds before rebreathing begun. 
consumption measured with fistula throughout. 


*Fistula 
+Fistula 


tOxygen closed, 


conditions. in the ob- 


However, the time elapsing before rebreathing 
servation made Oct. 5, 1936, was measured accurately with a stop watch, 
and the result in this case is a true measure of the cardiac output with 
the fistula closed. 

Before operation his cardiac output was 5,950 ¢.¢. per minute. During 
the months after operation his output gradually diminished, and the 
signs of the fistula were less prominent until, eight months after the first 
operation, his cardiac output was within normal limits for the first 
At this time the physical signs of the fistula were minimal, al- 
Sinee that time there have been indications that 
1937, the 
veins of the plexus were dilated, but did not pulsate, and no thrill was 
Temporary 


time. 

though still present. 

fistulous openings have become re-established. On June 7, 

present ; however, the bruit seemed to be louder than before. 


occlusion of the left brachial artery slowed the heart rate 8 beats per 


|| 
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minute. During this period, when the physical signs were changing 
in a way which suggested a recurrence of the arteriovenous leak, the 
cardiac output did not change significantly. 

Basal Metabolism.—The oxygen consumption under basal conditions 
ranged from 221 to 254 ¢.¢. per minute, which represented basal meta- 
bolic rates of minus 12 per cent to minus 3 per cent. The oxygen con- 
sumption was not significantly changed by opening or closing the fistula. 

Operations.—On several oceasions during the period of our observa- 
tions, attempts were made to close the fistula surgically. None of these 
succeeded, although several abnormal conimunications were closed. It 
is believed that the amount of blood flowing through the abnormal chan- 
nels was gfeatly reduced by operation, but that there still remained a 
fistulous opening or series of openings. There was evidence in June, 
1937 (one year after the first operation), that the leak was becoming 
re-established. 

An important observation made at operation was that the brachial 
artery was greatly dilated, and measured approximately 2 to 2.5 em. 
in diameter. Operative dissections exposed it from the bifureation of 
the interosseous artery to within 6 to 8 em. of the axilla, and it was 
dilated throughout this distance. The wall of the artery was thought 


to be moderately thinned. 


DISCUSSION 

The evidence we have presented indicates that an arteriovenous fistula 
is associated, in the main, with the following changes in the circulation: 
an increase in the output of the heart; an inerease in the total blood 
volume; an increase in the pressure and oxygen content of the venous 
blood near the fistula; no change in the general venous pressure in the 
presence of a competent heart; an increase in the heart rate; an in- 
crease in the volume of the extremity containing the fistula; an increase 
in the speed of blood flow in the affected part; a marked decrease of 
the diastolic blood pressure near the fistula; and a slight decrease of the 
diastolic blood pressure generally. 

During the few months after operation the cardiae output and the 
blood volume fell. Later the blood volume again became elevated, but 
the output of the heart remained normal. This seems to indicate that 
these two functions were not controlled by the same factors in this 
patient. 

Some authors have believed that the flow through the remainder of 
the body was decreased because of the fistulous leak. Our evidence 
favors the conception that the flow of blood through the rest of the 
body is normal, and that the output of the heart is increased by the 


fistula. 
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Work Done by the Heart.—From the foregoing observations it is pos- 
sible to arrive at an approximate calculation of the work of the heart, 
and to estimate the inerease in work caused by the fistula. No avail- 
able formula is an exact expression of heart work. The simplest for- 
mula is the product of the weight of blood pumped per minute and the 
mean pressure against which it is ejected. According to this simplified 
formula, the work of the left ventricle, only, is taken into aecount 
(since the pressure in the pulmonary artery cannot be measured), and 
the so-called ‘‘velocity factor’’ is not taken into consideration.* 


By this formula: 
Work = eardiae output x B.P. (mean) 
fistula open — 6.4 kg. m./min. (384 kg. m./hr.) 
fistula closed — 5.2 kg. m./min. (312 kg. m./hr.) 


Thus the heart does 23 per cent more work with the fistula open than 
with it closed. 

If a more elaborate formula is used, which takes into account the 
‘velocity factor’’ (such as the one devised by Evans**), several assump- 
tions must be made. Using this more complex formula, the calculated 
work is 28 per cent greater with the fistula open than when it is closed. 
This increased work performed by the heart is a constant burden, is 
present continuously even at rest, and is comparable to the burden of 
hyperthyroidism, and not *to an intermittent burden such as exercise. 
The increased work, if long enough continued, may lead to ecardiae hyper- 
trophy and to congestive heart failure. 


SUMMARY 


Observations on the circulation of a 19-year-old boy with an arterio- 
venous fistula in his forearm are presented. These demonstrated an in- 
erease in the cardiae output and the blood volume, an inerease in the 
oxygen content of venous blood near the fistula, a rapid circulation time 
in the arm containing the fistula, a normal circulation time in the normal 
arm, and an inerease in the volume of the arm containing the fistula. 
Data econeerning the amount of blood flowing through the fistula are 
presented and discussed. The work of the heart was caleulated and was 
found to be increased about 25 per cent by the fistula. 
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FUSION BEATS AND THEIR RELATION TO THE SYNDROME 
OF SHORT P-R INTERVAL ASSOCIATED WITH A 
PROLONGED QRS COMPLEX 


J. Scorr ButtrerwortH, M.D.,* ANp CHARLES A. POINDEXTER, M.D. 
New York, N. Y. 


N 1911, Lewis' produced, experimentally, a type of electrocardiographic 

complex resulting from double stimulation of the ventricular muscle. 
These peculiar wave forms he called ‘‘transitional complexes’’; more 
recently they have become known as ‘‘combination complexes,’’ ‘‘para- 
systoles,’’ or ‘‘fusion beats.’’ The last term is simple, and seems to 
describe the phenomenon adequately. It will therefore be used in this 
paper. 

Instanees of this type of complex have been reported in human beings,’ 
and Lewis’ experimental work has been repeated.* The usual form of 
double stimulation arises when a ventricular pacemaker interferes with 
the normal sinus rhythm. This may be a regularly recurring ventricular 
impulse which gives rise to a regularly recurring parasystolic rhythm, 
as suggested by Rothberger and Winterberg* and illustrated by Hill 
and Cameron,’ or may be simply random ventricular extrasystoles which 
by chance happen to fall into the limited period between the P wave and 
the onset of the QRS deflection during which double stimulation of the 
ventricles is possible. 

This paper presents the experimental production of fusion beats 
by a more refined method than has heretofore been reported ; this method 
permits accurate study of the variations in wave form of fusion beats. 
Clinical instances are also reported. 


EXPERIMENTAL 


In a previous paper,® the technique of using an amplified auricular 
impulse to stimulate the ventricles was described. By the introduction 
of a time delay system into this circuit it was possible to study the effect 
on ventricular response of minute, but accurately controlled, delays be- 
tween the auricular impulse and ventricular stimulation. 

An apparatust was devised which produced a variable delay of 
electrical impulses from 0.002 second to 0.85 second. This delay was ac- 
complished by electrical methods, and was constant under any given set 
of conditions. It was possible also to control the duration and voltage 
of the output from the device. The cireuit cleared so rapidly that 
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rhythmic impulses many times faster than the most rapid mammalian 
heart rates could be handled easily. In this manner, each auricular 
impulse was passed into the delay circuit, and a stimulating current of 
any desired duration and intensity was delivered from the output of 
the circuit at any predetermined instant between 0.002 and 0.85 see- 
ond. By the use of a ecathode-ray oscilloscope, these impulses could be 
studied visually as the experiments were in progress. 

In eats and dogs, under nembutal anesthesia, the sternum was removed 
to expose the heart, and the incised pericardium was sutured to the ex- 
posed rib margins to form a cradle for the heart. An automatic positive 
pressure respirator was used to maintain respirations after the chest 
was opened. The current of excitation produced by the right auricle 
was picked up by small, riding, silver electrodes and carried to the 
amplifier. The output of the amplifier was connected to a cathode-ray 
oscilloscope and also to the input of the time delay cireuit (Fig. 1). The 
output of the time delay cireuit was then utilized to stimulate the right 


SPOON 
EKG 
= 
ARTIFICIAL RECCEDING 
RESPIRATOR 


AMPLIFIER 


OSCULLOSCOME 
To 
TIME 
DELAY 


Fig. 1.—Diagram showing set-up of apparatus. 


or the left ventricle by electrodes imbedded in the muscle or riding on 
the epicardial surface. This output current also activated a recording 
magnet which signaled the time and duration of the stimulus applied 
to the heart. The delay in the magnetie recording system was ascer- 
tained and found to be so small (less than 0.001 second) that it eould 
be disregarded. The output voltage was adjusted to a value slightly 
above the threshold value for the ventricular muscle. 
RESULTS 

By varying the time delay it was possible to introduce a stimulating 
shock to the ventricles at any desired time in each cardiac cycle. Fig. 2 
shows single beats selected from numerous tracings taken on the same 
animal and arranged in order with an increasing delay of the auricular 
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stimulus. There is a period of approximately 0.06 second between the 
introduction of the stimulating current (as represented by the down- 
stroke in the solid line below the tracings) and the beginning of the ven- 
tricular QRS. This delay was produced, evidently, at the epicardium, 
for the electrodes in this case were riding on the surface of the heart. 
When the stimulating electrodes were buried in the ventricular muscle, 
this delay disappeared. One can see, by inspection of the records, that 
the QRS and T complexes gradually progress from a purely extra- 
systolic configuration to normal. The QRS time gradually decreases, 
and, as this occurs, the negativity of the T waves and the voltage of the 
QRS complexes decrease. 


Fig. 2.—Selected complexes from the same animal, with varying degrees of delay 
between the beginning of the P wave and the onset of the QRS deflection arranged in 
order of increasing delay. The downstroke of the solid line below each tracing repre- 
sents the time and duration of the ventricular stimulus. Time markers in 0.04 second. 
A to C, inclusive, represent extrasystclic beats, D, to H, inclusive, are fusion beats, 
and J and J are normal complexes. 

Careful measurements of many tracings by a projection method 
(magnification x10) revealed that the maximum time during which 
fusion occurred in the dog ventricle (i.e., the time durine which the 
ventricles can be stimulated by two or more foci) was approximately 
0.035 second, although it varied slightly from animal to animal and de- 
pended upon the location of the stimulating electrodes. It was found 
that the P-T interval (time from the beginning of the P wave to the 
end of the QRS) remained constant. 

Similar tracings are seen occasionally in man, and Fig. 3 shows such 
fusion beats. In this case there appears to be an idioventricular rhythm 
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at every second beat at, or just following, the P wave. This is probably 
not a true case of interference dissociation, as recorded by Hill and 
Cameron,® but records of sufficient length for complete study were not 
available. 


Fig. 3.—Standard leads of an electrocardiogram from a patient with numerous ven- 
tricular extrasystoles, many of which result in fusion. 


DISCUSSION 

From the above data it can be seen that the ventricle can be stimu- 
lated by the normal conduction system and by a second ventricular 
stimulus only during the short period (approximately 0.035 second in 
the dog ventricle) prior to the time the normal complex would or- 
dinarily appear. This period closely approaches, but never quite at- 
tains, the duration of the normal QRS complex, which was 0.37 second 
in the ease illustrated in Fig. 2. 

This time relationship is interesting, and probably has a bearing on 
the relation of the QRS to activation and contraction of ventricular 
muscle. At the moment there is insufficient evidence at hand, but it 
would tend to support the supposition that the QRS time represents 
the period during which there is an electrical effect of excitation or 
activation of individual muscle cells, and does not represent the spread 
of the conduction wave over the bundle of His and the Purkinje net- 
work. 

Fig. 4 shows superimposed drawings of actual complexes. The time 
from P to R is the normal P-R interval, and the time from P to R’ repre- 
sents the shortest P-R interval which will produce fusion. The time 
from R to R’ thus represents the time during which fusion may oceur 
in the ventricle of the dog. It may also be noted that the time between 
the beginning of P and tlie end of S (the P-T interval) is constant for 
all beats. 

From these data we ean say that the period of fusion is roughly repre- 
sented by the duration of the QRS complex. Translating this to the 
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human heart would mean that, with a normal P-R interval of 0.16 see- 
ond and a QRS time of 0.08 second, fusion could oeeur slightly less 
than 0.08 second before the onset of the normal QRS, and would pro- 
duce a P-R interval of 0.08+ second. This is exactly what oceurs in 
the syndrome of short P-R interval associated with wide QRS complexes. 
In both the experimental work and in man, the P-T interval of normal 
and abnormal complexes remains relatively constant. 


Fig. 4.—Superimposed magnified complexes from the electrocardiogram of a dog. 
P-R’ represents the shortest P-k interval which will result in fusion. R’-R represents 
the time during which fusion may occur. The black complex is the normal, the 
gray is a purely extrasystolic form, and the stippled complex represents an inter- 
mediate fusion beat. The P-T interval (from P to S) remains constant. 


It seems entirely logical, then, to assume that the abnormal com- 
plexes of this syndrome are the result of fusion, and that the type of 
complex depends upon the degree of fusion which exists in any indi- 
vidual case. Fusion beats differ in no way from those which oeeur in 
the short P-R syndrome. 

Hunter, Papp, and Parkinson’ have asserted that any hypothesis 
should explain (1) the difference in the shape of the P wave before 
normal and short P-R syndrome complexes, (2) the peculiar shape of 
the ventricular complexes as compared with that of ordinary bundle 
braneh block, and (3) the gradual change of P and QRS from the 
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short P-R syndrome to normal (after atropine) and the appearance of 
intermediate complexes. 

The first of these criteria has been studied carefully by Wolferth and 
Wood,* who, after examining all available reports, were unable to sub- 
stantiate the statement that a change occurs in the P waves. They 
found ‘‘the contour of the P waves in these cases is remarkably constant 
when the ventricular complexes change their shape.’’ 

The second and third criteria can be explained by the experimental 
work recorded in this paper. The bizarre QRS complexes are probably 
the result of ventricular fusion, whieh would be expected to yield an 
abnormal complex, but not necessarily one similar to bundle branch 
block. The gradual change of the QRS from abnormal to normal which 
occurs in man is easy to understand if we assume that various degrees 
of fusion are produced as the complexes change from the abnormal to the 
normal form. This change may be due to an increasing conductivity 
of the normal pathway and a decreasing conductivity of an accessory 
pathway. The tracings from human beings are similar to those obtained 
by experimentally varying the degree of ventricular fusion (Fig. 2). 

The simplest and best explanation of this syndrome thus would seem 
to be the assumption that there is an accessory conducting pathway® 
from the auricles to the ventricles which has a slighly faster rate of 
conduction than the normal conduction system of the heart. Such a 
path was described originally by Kent,'® and more recently by Glomset 
and Glomset,'' who noted frequent connections between the auricles 
and ventricles in mammalian and human hearts. 

Fusion beats are probably more common than is generally recognized. 
Many of our routine tracings with numerous extrasystoles will show an 
oeeasional fusion beat. Of more importance clinically are the frequent 
fusion beats (Fig. 3) which give the impression of multiple foci pre- 
mature ventricular contractions, but which actually originate from a 
single focus. 

Since the completion of this paper, two articles of special interest 
have appeared. The first is that of Fox, Travell, and Molofsky,'? who 
studied the action of digitalis, atropine, and other drugs in a ease of 
typical short P-R syndrome. They found that atropine sulfate always 
shortened the QRS time, and digitalis lengthened the QRS time. These 
effects were attributed to vagal action. Their tracings are similar to the 
experimental results reported above. Any factor increasing the P-R 
interval will allow less fusion, and, consequently, prolongation of the 
QRS complex will result, and the character of the complex will ap- 
proach that of an extrasystolic beat. Conversely, any shortening of 
the P-R interval will throw the normal and abnormal stimuli closer 
together, decreasing the degree of fusion, and will produce a decreasing 
QRS time and the complex will approach the normal type. 

The second paper of interest contains the long-awaited confirmation of 
accessory pathways in human beings with this syndrome. Wood, Wolf- 
erth, and Geckeler’® demonstrated small musele bundles running directly 
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from the right auricle to the right ventricle in the heart of a patient 
who had this syndrome and died suddenly during an attack of paroxys- 
mal tachyeardia. 

SUMMARY 

Fusion ventricular complexes were produced in animals by a method 
which allows accurate spacing of stimuli over short time intervals in 
successive cardiae eyeles. The time during which fusion occurs was 
found to approach closely, but not quite equal, the time of the normal 
QRS complex. 

The clinical aspects of fusion beats were mentioned, and their relation 
to the syndrome of short P-R interval with wide QRS complexes was 
indicated. 
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ON THE APICAL SOUNDS AND MURMURS 
IN AORTIC REGURGITATION 


Aupo A. Lutsapa, M.D. 
Boston, Mass. 


XACT knowledge and proper evaluation of the sounds and murmurs 

at the apex of the heart in aortic regurgitation are of great 
practical importance, for, often, an opinion as to the cause of the 
disease is based upon them. 

There is no need to discuss the fact that murmurs arising at the 
beginning of the aorta are partly transmitted to the apex. This is 
particularly true of the soft, blowing, diastoli¢e murmur caused by 
aortie regurgitation, but may also be true of the systolie murmur 
which is so often heard at the base of the heart when there are lesions 
of the aorta. A different type of systolic murmur may be heard at 
the apex when the mitral valve is insufficient, either because of marked 
dilatation of the left ventricle (functional insufficiency), or because 
of sclerosis of the valvular leaflets (anatomic insufficiency). The most 
important phase of auscultation, however, is diastole, for a murmur 
heard in this phase would lead to the diagnosis of mitral stenosis. 
Ever since nearly a century ago it has been recognized that diastolic 
murmurs at the apex in aortic regurgitation may have a functional 
origin. Therefore, whenever a diastolic murmur is heard at the apex, 
it is essential to know whether it is caused by mitral stenosis, or is of 
the type and nature described by Austin Flint and attributed to a 
functional mechanism. 

BRIEF REVIEW OF THE LITERATURE 

Clinical studies on apical murmurs in aortic insufficiency deal mainly 
with the Austin Flint murmur. It will be useful to report the words 
used by different authors in the deseription of this murmur, for no 
graphic study has been undertaken up to this time. In the original 
work of Austin Flint' the murmur is reported as a “‘presystolie blub- 
bering murmur’’ heard at the cardiax apex of patients with aortic 
regurgitation due to syphilitic and arteriosclerotic heart disease. 
Laubry and Pezzi? describe the murmur as either a ‘‘ diastolic rumble’’ 
or a ‘‘presystolic rumble.’’ In a well-known work, White* says that 
the Austin Flint murmur has ‘‘exaectly the same characteristies as the 
diastolic murmur of organic rheumatic mitral stenosis.’’ Wiggers* 
describes it as a ‘‘mid-diastolic or presystolic murmur heard over the 
apex or mitral areas of the chest.’’ Gouley® maintains that it is ‘‘a 
presystolic rumble which practically merges with the first sound and 
is limited to a small area at the apex.”’ 


Received for publication July 12, 1943. 
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The term ‘‘blubbering murmur’’ employed by Austin Flint probably 
corresponds to that of ‘‘rumble’’ later used by different authors in 
deseribing the diastolic murmur of mitral stenosis, and points to a 
prolonged murmur. The terms diastolic and presystolic cannot be used 
indiscriminately with the same meaning. When the heart rate of 
patients with mitral stenosis is slow, it is perfectly possible to hear 
either a diastolic or a presystolie murmur, or both. The diastolic mur- 
mur may be described as a ‘‘rumble;’’ the presystolic murmur, on the 
contrary, is a short murmur immediately preceding the first sound and 
merging with it. For this reason, if we accept the term ‘‘blubbering 
murmur’’ as describing a ‘‘rumble,’’ we must admit that the murmur 
described by Austin Flint was a real diastolic murmur, and we can 
justify the expression used by White, as well as the more comprehen- 
sive meaning attributed by him to the murmur.’ On the contrary, the 
expression presystolic should not be used unless we admit that the mur- 
mur is a short one, with no ‘‘blubbering’’ or ‘‘rumbling’’ character. 


‘ 


The mechanism by which the Austin Flint murmur is produced has 
been differently explained. 

Flint thought that the apical murmur was due to a functional stenosis 
of the mitral valve.'' He explained the stenosis by assuming that, when 
the blood stream entered the left ventricle from the aorta, it pushed the 
anterior leaflet of the mitral valve upwards and backwards. The blood 
entering the same ventricle from the left auricle would meet, there- 
fore, with an obstacle, comparable to that caused by mild mitral 
stenosis. This conception was accepted, with some modifications, by 
CGuiteras,® Groceo,’ and Vaquez.* They thought that the anterior leaflet 
of the mitral valve, pushed by two different streams of blood, would 
vibrate, thereby causing a diastolic murmur. De Renzi’ and Potain’® 
attributed the murmur to whirlpools caused by the meeting of the two 
streams of blood, one entering the left ventricle through the insuffi- 
cient aortic valve, and the other through the normally open mitral valve. 

A different explanation was offered later by White.* He thought 
that the murmur was better explained by admitting a relative narrow- 
ness of the normal mitral orifice in comparison with the dilated left 
ventricular cavity. The blood rushing from the auricle into the ven- 
tricle would create whirlpools in the ventricular cavity and, therefore, 
a murmur. This murmur should not be thought of as peculiar to 
aortic regurgitation, but would be found in any ease of ventricular 
dilatation, such as that caused by chronic adhesive pericarditis, or 
eardiae failure in cases of rheumatic or hypertensive heart disease. 
As a matter of fact, a rumbling diastolic murmur was described in 
adhesive pericarditis by Flint,’ and Osler and Hirschfelder ;** with 
dilatation of the heart in children by Fisher; in young people by 
Bland, Jones, and White ;1* and in adults by Wood and White,* Wein- 
stein and Lev,’® and Robinow and Harper. 
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A quite different hypothesis was advanced by Pezzi'* and Laubry 
and Pezzi.2 They do not agree that the diastolic rumble of mitral 
stenosis and the Flint murmur are identical, and attribute the latter 
to a special kind of gallop rhythm. The successive vibrations of the 
ventricular wall due to the different streams of blood entering it, and 
the echo of the aortie diastolic murmur would give to the ear an im- 
pression different from that of the more common gallop rhythms. Clin- 
ical considerations, pathologie studies, and graphic records were pre- 
sented in support of this theory. 

Interest in the Flint murmur was more recently awakened by Gouley, 
who deseribed a characteristic deformity of the right aortic leaflet 
which might divert the regurgitating blood toward the lower portion 
of the anterior mitral curtain. Mention should be made also of some 
important contributions on the hemodynamics of aortie insufficiency. 
The studies of Wiggers and his co-workers* '*?° have shown that the 
regurgitation is predominant in the initial period of diastole, before 
the opening of the A-V valves (80 per cent in large leaks), and that 
ventricular filling from the auricle is not hindered, but rather in- 
creased, after the mitral valve opens. 

Routine phonocardiograms show that the soft diastolic murmur 
which is typical of aortie insufficiency starts immediately after the 
second sound, and gradually decreases, so that a large part of diastole 
shows no evidence of regurgitation. This fact, which coincides with 
the accepted clinical evidence, should be kept in mind, for it confirms 
the conclusions reached by Wiggers and his co-workers. 


TECHNIQUE AND MATERIAL 


The study was carried out on twenty-seven patients in various hos- 
pitals of Greater Boston.* Fifteen of them were white and twelve 
were Negroes. 

Special care was used to exclude any case in which rheumatie heart 
disease could be suspected. Fourteen of the patients had syphilitic 
heart disease, six had fibrosis of the heart valves due to atherosclerosis, 
and five had both syphilitic and arteriosclerotic heart disease. Two 
patients were included, in spite of an early diagnosis of rheumatic 
heart disease, because the diagnosis was not confirmed later, and also 
because the description of a typical diastelie rumble was thought par- 
ticularly interesting. All of the patients had aortic regurgitation, as 
shown by clinical evidence and by records taken at the base of the 
heart. In addition to these cases, many others were studied, in which 
the clinical diagnosis was syphilitie heart disease with Austin Flint 
murmur, but the phonoecardiogram showed typical evidence of mitral 
stenosis. 

Our records were taken with a Stetho-cardiette (Sanborn). The fol- 
lowing tracings were recorded: (1) A routine electrocardiogram, 
coupled with a routine phonoeardiogram.+ (2) Lead I of the electro- 


*Boston City Hospital, Beth Israel Hospital, Middlesex Hospital, and Medfield State 
Hospital. 

+The electrocardiogram was recorded in Leads I, II, II, and IVF. At the same 
time, the phonocardiogram was recorded at the apex, over the pulmonic area, over the 
aortic area, and over the tricuspid area. The stethoscopic microphone with middle- 
sized funnel was used. Tracings were recorded at a speed of 25 m/m. and 75 m/m. 
per second. 
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sardiogram, and the apex phonocardiogram by employing the stetho- 
scopic microphone.*" *?. (3) The same record, but using a logarithmic 
microphone.?* *? (4) Apex sounds and apex beat. These were re- 
corded in accordance with the technique described by Rappaport and 
Sprague.*? (5) Various other records, such as the phlebogram, arterio- 
gram, and pneumocardiogram.”* 

These records permitted transeription of the heart murmurs over 
the apex in two different ways: first, as they are presented to the ear 
by a common stethoscope (stethoscopie microphone), and, second, as 
they are heard in the ordinary stethoscopie examination of the patient 
(logarithmie microphone). Presystolie vibrations were divided into 
two classes. If a single or double, slow vibration, lasting only as long 
as the auricular contraction, was present, it was classified as an auricu- 
lar sound; the existence of this sound excludes any anatomic or fune- 


Fig. 1.—Hypertensive heart disease; myocardial fibrosis; mitral and aortic in- 
sufficiency. A diastolic rumble was heard in Case a at the apex, a presystolic sound 
in Case b. 

a, R.H.—Apex phonocardiogram and cardiogram (stethoscopic microphone). 
L.McC.—Apex phonocardiogram and cardiogram (stethoscopic microphone). 

In Case a all diastolic sounds are louder than normal. Very high auricular wave 
on cardiogram. In case b there is a loud auricular sound. a = auricular sound; 
ist = first sound; 2d = second sound; 3d = third sound; S. SN. = aortic snap trans- 
mitted to apex. 
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tional stenosis of the mitral valve, for the sound is caused by the blood 
stream passing with high speed through the mitral valve and striking 
the ventricular wall. On the contrary, the term presystolic murmur 
was applied to vibrations present in presystole, and with the following 
characters: high-pitched vibrations of a low amplitude, lasting longer 
than the auricular contraction and gradually merging with the first 
sound. These only can be attributed to narrowing of the mitral orifice. 


i ph 
eae 


Fig. 2.—L. B.—Syphilitic heart disease; aortic regurgitation. The first sound 
seems preceded by a “crescendo” murmur. 

a, Apex phonocardiogram with stethoscopic microphone and electrocardiogram. 

b, Apex phonocardiogram with logarithmic microphone and electrocardiogram. 

The logarithmic microphone does not allow a good record of the first component of 
the first sound. Therefore, the first sound appears as if “in crescendo.” ist = first 
sound; 2d = second sound. 


RESULTS OF THE STUDY 

Our cases can best be described by dividing them into three different 
groups. 

1. In some of the cases, a very ample and slow vibration was present 
during presystole. This vibration was absolutely identical with the 
loud auricular sound which causes presystolic gallop rhythm. In some 
of the eases, the auricular sound was far enough from the first sound 
to be heard separately; in others, the auricular vibration merged with 
the first sound and gave the impression of a presystolie crescendo mur- 
mur. In some eases there was a loud third sound of the heart, followed 
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by an auricular sound (Fig. 1). The existence of two additional sounds 
during diastole (third sound plus auricular sound) may give the impres- 
ston of a diastolic rumble. 

2. In a second group of cases, tracings recorded with the logarithmic 
microphone showed that the first sound started with a series of small 
vibrations, followed by much larger vibrations (Figs. 2 and 3). At 
first glanee the phonocardiogram simulated that of a presystolic mur- 
mur. However, comparison with a tracing taken with a stethoscopic 
microphone and with the simultaneously recorded electrocardiogram 
proved that the ‘‘crescendo’”’ murmur was really a distorted first sound 
and occurred in systole. In the case shown in Fig. 2, competent ex- 


st eth. phon. 


Fig. 3.—H. T.—Syphilitic heart disease; aortic regurgitation. Diastolic rumble and 
presystolic murmur at apex. 

a, Apex phonocardiogram with stethoscopic microphone, and electrocardiogram. 

b, Apex phonocardiogram with logarithmic microphone, and electrocardiogram. 

The stethoscopic microphone records the auricular sound. The logarithmic micro- 
phone shows some tiny vibrations in diastole which are transmitted from the base, 
and some in presystole, probably due to the auricle. However, the most apparent fact 
is the crescendo type of the first sound, due to the small amplitude of the vibrations 
of the first component through the logarithmic microphone. a = auricular sound; /st 

first sound; 2d = second sound. 


aminers had admitted the existence of an Austin Flint murmur. The 
erroneous impression is due to the fact that some early vibrations of 
the first sound are low pitched, and are heard only as a gradually 
increasing murmur. 


| 
| 
| 
1st 24 | 
ana cece 


162 AMERICAN HEART JOURNAL 


3. In a third group of cases the first sound appeared to be split in two. 
In some of them there was either a normal or a prolonged duration 
of the sound, but the two larger oscillations which are often present 
within the sound had a tremendous intensity (Fig. 4, @). In others, 
a series of vibrations which prolonged the first sound during systole 
simulated duplication of the sound (Figs. 4, 6, 5, a and b). The type 
of the vibrations, the fact that they occurred in the ejection phase, 
and their intensity at the base of the heart showed that they were 
caused by eddies formed by the blood stream entering the aorta. 


phonoc, 


Fig. 4.—Two cases of syphilitic heart disease with aortic regurgitation. The first 
sound was heard as split. 

a, A.B.—Apex phonocardiogram and cardiogram. The first and third components 
of the first sound are very loud. 

b, N.D.—Apex phonocardiogram, and electrocardiogram. The first sound has a 
very loud first component. The ejection of the blood is accompanied by loud and pro- 
longed vibrations. ist = first sound; 2d = second sound; ec = ejection component. 


In only one ease, in which the patient had a tremendously dilated 
left ventricle, were low-pitched diastolic vibrations recorded. Their 
functional nature was shown by a very loud auricular gallop (Fig. 6). 
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Fig. 5.—Two cases of syphilitic heart disease with hypertension and aortic regurgi- 
tation. The first sound gave the impression of being split in two. 

a, A.B.—Apex phonocardiogram (stethoscopic) and cardiogram. Very high 
auricular wave; loud snap at the beginning of the first sound; ample vibrations occur 
during nearly all of systole. A low-pitched sound due to the aorta occurs in mid- 
systole. 

b, E.V.—Phonocardiogram (logarithmic), slightly inside the apex, and electro- 
cardiogram. After an initial loud vibration the first sound becomes lower. Then a 
series of very high-pitched vibrations, probably due to the aorta, appears as a second 
snap. ist = first sound; 2d = second sound; S.SN. = systolic snap, transmitted 
from the aorta. 


Fig. 6.—Man of 74 years with syphilitic and arteriosclerotic heart disease. Aortic 
regurgitation; very large left ventricle. Faint heart sounds, no diastolic murmurs 
heard over the apex. Phonocardiogram recorded over the apex with stethoscopic 
microphone. Diastolic vibration of a low-pitched type. ist and 2d = first and second 
sound. Dv = diastolic vibrations. 
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DISCUSSION 

In order to avoid likely objections, all patients with certain or even 
possible rheumatic heart disease were discarded. Therefore, only pa- 
tients with syphilitic, hypertensive, and arteriosclerotic heart disease 
were studied, if aortic regurgitation was present. 

This study has shown that patients with aortic regurgitation may 
have, at the apex, different auscultatory phenomena during diastole. 
These are likely due to different mechanisms. 

In the cases of Group 1 there was a diastolic rumble, apparently be- 
cause of functional changes in the ventricular wali. The rumble is due 
to the presence of additional sounds in diastole, mainly the third heart 
sound and the auricular sound. This forms a new category of gallop 
which I have designated previously as train-wheel rhythm.* Adding 
to the diastolic sounds the echo of the aortic diastolic murmur, the 
ear can easily perceive a diastolic rumble. In some of the cases the 
extra sounds during diastole were of a very low-piteched type, and 
were not easily perceptible to the ear. In two of them, an Austin 
Flint murmur had been described, and, in one of them, the question 
of rheumatie heart disease was discussed for nearly a year because a 
diastolic rumble was heard at the apex. Later on, only a diastolic 
sound was heard, and the final diagnosis was that of hypertensive and 
arteriosclerotic heart disease. 

In the cases of Group 2 the clinical impression was that they had a 
presystolic murmur, but this was actually an auscultatory illusion. 
As a matter of fact, there was only a distorted first sound of a ‘‘cre- 
seendo’”’ type. There was no possibility of locating the murmur ex- 
actly, except by comparison of the phonocardiogram with the electro- 
eardiogram. In only one of these cases did the phonocardiogram which 
was taken with the logarithmic microphone show a few tiny presystolic 
vibrations. These are due to the auricular contraction itself, and not 
to any supposed narrowness of the mitral valve, for the record taken 
with the stethoscopic microphone revealed a loud auricular sound, 
showing the foreeful auricular contraction and the impact of the blood 
against the ventricular wall. 

In the cases of Group 3 there was still another auscultatory phenome- 
non: an actually split first sound. This was due either to great loud- 
ness of the two valvular components of the first sound (fibrosis of both 
the mitral and aortic valves), or to increased intensity of the vascular 
component of the first sound. We have, therefore, either a separation 


*According to current classifications, the following types of gallop are recognized: 


a—Presystolic gallop rhythm, or auricular gallop. 

b—Protodiastolic —s rhythm, or ventricular gallop. 

c—Summation gallop (both preceding sounds contribute to an extra 
sound in diastole). 

When both the third heart sound and the auricular sound are heard because of a 
sufficient interval, it is improper to use the term gallop (when only three sounds are 
heard). Therefore, I proposed*® for these cases the term ‘“four-sounds rhythm” or 
“train-wheel rhythm.” It is apparent that, when diastole is not long enough, the ear 
perceives the succession of extra sounds as a rumble. 
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of the two valvular components of the first sound, or a separation of 
the musculo-valvular components from the vascular component.* The 
ear may hear a presystolic murmur if the second acoustic element is 
mistaken for the first sound. In one ease, the phonocardiogram showed 
diastolic vibrations which might have been mistaken for those of mitral 
stenosis. In that case, no diastolic rumble was heard because the vibra- 
tions were too low pitched. The possibility of such perception does, 
however, exist. Had the vibrations possessed a higher pitch, then a 
typical Austin Flint murmur might have been heard. 

We should now discuss whether any of our patients had an Austin 
Flint murmur. In spite of our personal impression and of the author- 
itative opinion of cardiologists who affirmed it in at least four of our 
twenty-seven cases, it is possible that no one of them had it. After 
all, it should be remembered that Austin Flint, a man of very large 
clinical experience, described only two cases. This indicates that the 
Austin Flint murmur is a rare occurrence. Our study has shown how 
many factors may simulate a diastolic apical murmur. Therefore, an 
Austin Flint murmur should be diagnosed only after sharp criticism. 

We shall conelude by saying that our study did not produce records 
which might be compared to the typical phonoeardiographic tracings 
of mitral stenosis. Until they are produced, the phonocardiographie 
method will be an easy way to differentiate the diastolic apical rumble 
of mitral stenosis from the functional rumble which may be heard in 
aortic insufficiency. t 

SUMMARY 


1. A phonocardiographic study was made on twenty-seven patients 
with syphilitic aortic regurgitation in order to study the auscultatory 
phenomena at the apex. 

2. Some of the patients showed one of the following acoustie phe- 
nomena: 

a. The presence of additional sounds during diastole (third sound, 

auricular sound, or both). 

b. The presence of a ‘‘crescendo’’ type of first sound. 

e. The presence of a split first sound, due either to increased loudness 
of the two valvular components or to increased loudness of the 
vascular component. 

The above-mentioned phenomena may simulate, to the ear, either a 

diastolic rumble or a presystoliec murmur. They were easily recognized 

*These names are used here according to the descriptions of Orias and Braun- 
Menéndez™ and Rappaport and Sprague.*!, 22 

+Through the courtesy of Drs. P. D. White and Eugene Stead, Jr., I have received 
two remarkable tracings recorded by Dr. J. C. Massee, of Atlanta. Both showed a 
loud diastolic murmur at the apex, with unusual characteristics (regular, musical 
type in the first; tremendous intensity in the second). As both patients had unusual 
anatomic features (everted vibrating cusps in the first, and patent ‘foramen ovale 


in the other), I do not believe that they can be chosen as typical tracings. However, 
the rich material of the South may yield a larger phonocardiographic experience 


and complete our study. 
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on phonoecardiographie tracings, so that mitral stenosis was excluded 
after study of the tracings. 

I wish to thank Dr. Eugene Stead, Jr., and especially Dr. P. D. White for his 
authoritative suggestions and constructive criticism. 

I am indebted to several physicians in charge of the patients for permission 
to study and report the cases. I wish particularly to thank Dr, Blumgart of the 
Beth Israel Hospital, and Dr. Ellis of the Boston City Hospital. 
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AN UNUSUAL EFFECT OF INTERPOLATED VENTRICULAR 
PREMATURE SYSTOLES 


L. N. Karz, M.D., R. LANGENDorF, M.D., Anp S. L. Cour, M.D. 
Cuicago, Int. 


NTERPOLATED premature systoles were first reported by Wencke- 

bach.'' Prolongation of the a-c. interval in the jugular pulse tracing 
of the beat following an interpolated premature systole was first de- 
seribed by Mackenzie? and Hay,* and was attributed to stimulation of 
the A-V bundle by the premature beat, causing a delay in the passage 
of the subsequent sinus impulse over this bundle. Laslett* clearly stated 
that the influence of retrograde conduction from the point of origin of 
the extra stimulus upon the A-V bundle might account for the P-R pro- 
longation after interpolated ventricular premature systoles. This in- 
terpretation was also advanced by Wenckebach,® and used by him, and 
later by Ashman,® as an argument against the theory of heart block 
which aseribed A-V block to a lack of responsiveness, that is, increased 
latency, on the part of the ventricular musculature (Erlanger,’ Straub 
and Kleemann,® and Straub’). Myers and White'® assumed that the 
impulse responsible for the extra beat traversed the A-V bundle and was 
blocked at the junetion with the A-V node, the point of lowest con- 
ductivity. 

The longest P-R intervals of postextrasystolic beats in the presence 
of interpolated ventricular premature systoles previously reported were 
0.30 second (Straub®), 0.825 second (Ashman®*), 0.34 second (Wencke- 
bach and Winterberg') and 0.36 second (Zeisler’?). In all these cases 
the P-R intervals of the other sinus beats were normal (0.17 to 0.18 
second). Ashman® reported a case in which the P-R interval in the 
postextrasystolic beat was 0.48 second as compared with a P-R inter- 
val in the other sinus beats of 0.21 second. The prolongation of the P-R 
above its ordinary value in the foregoing cases was, therefore, 0.115, 
0.155, 0.17, 0.18, and 0.22 second, respectively. 

Recently we encountered a case of interpolated ventricular premature 
systoles in which the effect on the P-R interval was considerably more 
marked, with the result that the P-R was prolonged in several instances 
even in the second postextrasystolic beat, a phenomenon that to our 
knowledge has not been described previously. The records (I*igs. 1 to 3) 
were obtained on a 77-year-old patient with syphilitic aortitis and angina 
of effort.* Frequent premature systoles were noted clinically, and they oe- 
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curred in the absence of digitalis medication. The first record (Fig. 1) 
was taken to identify the premature systoles. It shows sinus rhythm 
with frequent premature systoles of the same ventricular origin, iwo of 
which are interpolated. In addition, intraventricular block of the com- 
mon type is present. The interpolated beats occur in Leads III and 
CR,. In both, the prolongation of the P-R in the postextrasystolie beats 


A five-lead electrocardiogram showing intraventricular block of the com- 
mon type and frequent ventricular premature systoles, some of which are interpolated. 
Discussed in text. 


Fig. 1. 


is easy to discern on the following analysis: By spacing off the P waves 
it will be seen that the sinus P falls in the S-T-T complex of the pre- 
mature beat, producing notching which is clearly visible in CR, but not 
in Lead III. Furthermore, the R-R interval of the sinus beats lengthens 
at the time of the premature systole, and shortens in the subsequent 
cycle, without accompanying changes in the P-P interval. The delay 
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in the oceurrence of the postextrasystolic QRS-T is thus attributable to 
the prolongation of the P-R interval. 

It was in this way that the arrhythmia at the beginning of Lead II 
was accounted for. The T wave with which the record starts is larger 
than the T waves of the sinus beats, and resembles that of the ventricular 
premature systole which oceurs later in this lead. The ventricular 
complex that follows was considered to be a postextrasystolic beat with 
a very long P-R, following an interpolated ventricular premature sys- 
tole; the P wave had occurred (off the record) on the S-T segment of 
the premature beat. The postextrasystolic QRS-T occurs so late that 
the next sinus P falls on its T wave. This ean be verified by spacing 
back the sinus P-P interval and by comparing this T wave with that of 
the other sinus beats. If this interpretation is correct, the P-R of the 
first postextrasystolic beat is prolonged to more than 0.50 second. In 
order to verify this interpretation, a long record of Lead I was taken 
three weeks later and analyzed in detail; a total of 156 premature sys- 
tole were available for the analysis. The effects on the P-R interval of 
the postextrasystolie beats at this time are summarized in Tables I and 
II, and the more significant portions of this long record are shown in 
Figs. 2 and 3 

Several types of premature systoles were observed. On two occasions 
a premature systole occurred which resembled somewhat the sinus beats 
in configuration and in QRS duration, but was not preceded by a pre- 
mature P wave. These two beats were considered to be nodal premature 
systoles (cf. last premature systole of Fig. 2, A), both were interpolated, 
their coupling to the preceding ventricular complex was fixed (0.46 
second), and they caused a slight prolongation of the postextrasystolic 
P-R interval (0.19 second). The other premature systoles differed 
strikingly from the sinus beats; they had a bizarre contour and wider 
QRS complexes, and were not preceded by premature P waves; they 
were considered to be of ventricular origin. Two varieties of these 
beats were encountered; the rarer type occurred only three times. In 
one instance shown in Fig. 2, B, a pair of ventricular premature beats 
occurred, the first one of the common, the second the rarer, type. The 
rarer type of premature systole had a shorter coupling to the preceding 
ventricular beat (0.44 to 0.48 second) than the more common type 
(0.56 to 0.70 second). The sinus node discharged impulses irregularly, 
so that the P-P interval preceding the preextrasystolie beats varied from 
0.85 to 1 second. In addition, the P-P interval including the premature 
systole usually was somewhat shorter, although, on oceasion, it was 
longer, than the preceding P-P. The P-R of the sinus beats measured 
0.14 to 0.16 second after ventricular premature systoles with compen- 
satory pauses; this value is in the range of sinus beats other than those 
which follow interpolated premature systoles. 

Of the 152 instances of single ventricular premature systoles en- 
countered in the long record, 90 were followed by a compensatory pause 
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(viz., the second one in Figs. 2, A, C, and D, and 3, A, and C, and the 
first one in Fig. 3, B), and 62 were interpolated (viz., the first one in 
Fig. 2, A, B, C, and D, the first and third in Fig. 3, A and C, and the 
second in Fig. 3, B). 

The P-R interval of the first postextrasystolic beats after the inter- 
polated premature systoles ranged from 0.20 to 0.78 second. In order 
to ascertain the factors responsible for this P-R prolongation, the P-R 
was correlated with the R-P interval, as measured from the beginning of 
the QRS complex of the premature systole to the beginning of the fol- 
lowing sinus P. In 438 instances it was not possible to identify this sinus 
P wave clearly, and, therefore, no measurements were made. Most of 
these (35) were instances with compensatory pauses, and only 8 were 
in interpolated beats. However, in 55 cases with compensatory pauses 
and in 54 with interpolated beats, these measurements could be made. 
In making the measurements, it was more convenient to use the summit 
of P than its beginning. The values given in Table I are therefore 
values obtained from the peak of P, less 0.06 second for R-P and plus 
0.06 second for P-R. The value 0.06 second was the average duration 
of the upstroke of P. 

Although there was a tendency for the ratio of blocked to conducted 
postextrasystolic sinus P waves to decrease as the R-P interval length- 
ened, the exceptions were striking and frequent (Table I). Thus, some 
P waves, which occurred up to 0.26 second after QRS of the premature 
systole, were not followed by a ventricular response, whereas other P 
waves, occurring much earlier, as early as 0.09 second after the pre- 
mature QRS, were conducted (also compare the first and second pre- 
mature systoles in Fig. 3, C). This might suggest a supernormal phase 
of recovery, but against this is the wide overlap shown in Table I, as 
well as the marked variations of P-R in conducted postextrasystolie beats. 
Although the shortest R-P was followed by the longest P-R, and vice 
versa (compare the first premature systole in Fig. 3, A, with the first 
in Fig. 3, C), the values between these extremes varied considerably at 
each R-P. For instance, at an R-P of 0.18 second, the P-R range was 
0.34 to 0.54 second. Furthermore, an R-P of 9.12 second was followed 
by a P-R of 0.38 second, whereas an R-P of 0.19 second was followed 
in one instance by a P-R of 0.68 second (compare also the first premature 
beat of Figs. 2, C, with the first in Fig. 2, D). It is thus apparent that 
the interval between the interpolated premature beat and the sinus P 
wave was not the only factor determining the P-R interval of the post- 
extrasystolic beat, although its influence is clearly revealed on the aver- 
age values (Table I). 

In attempting to account for this lack of relationship between the 
postextrasystolie P-R and the preceding R-P interval, an effort was 
made to correlate this P-R with the P-P interval as a measure of nerve 
tone, and with the coupling of the premature beat to the preceding 
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ventricular complex as a possible measure of the speed of retrograde 
conduction. These added measurements revealed no clear correlations. 
We are forced to conclude, therefore, that, although varying extracardiac 
nerve tone may influence the P-R duration of the first postextrasystolic 
beat (Wenckebach and Winterberg;™ Zeisler”), the value of these P-R 
intervals is determined, in part, by variations in the retrograde condue- 
tion of the premature systoles. Otherwise, it would be difficult to ac- 
count for the difference in the P-R to R-P relationship of the first and 
the second postextrasystolie beats. In the latter the correlation is clear 
(Table II) and in the former it is absent, and the difference appears 
to be due to the fact that the premature ventricular beats precede the 
former. 

The occurrence of so many P-R intervals of 0.50 second or more after 
interpolated premature systoles, while the other sinus beats have a nor- 
mal P-R, is unusual, and the P-R values of 0.68, 0.72, and 0.78 second 
are unique under these circumstances. The postextrasystolice P-R of 
0.78 second is shown after the first premature systole in Fig. 3, C. In 
this instance the sinus P is identified by the notch near the top of the 
ascending limb of QRS of the premature beat. As a check on this 
measurement, as in all other instances, an indirect method was em- 
ployed: The R-R of the sinus beats preceding the premature beat 
(equals 0.84 second) was subtracted from the R-R interval of the sinus 
beats inciuding the premature systole (equals 1.48 second). The dif- 
ference, 0.64 second, represents the lengthening of P-R over the ordinary 
value of P-R (equals 0.14 second), making the P-R of the postextra- 
systolic beat 0.78 second. The only assumption here is that there was 
no sinus arrhythmia at the time. In this instance this tremendous P-R 
prolongation makes the second sinus P after the premature systole occur 
near the downstroke of the first postextrasystolie QRS, and hence, since 
it falls in the absolute refractory period of the A-V junctional tissue and 
ventricles, it is blocked. This accounts for the long pause after the first 
postextrasystolic QRS-T. That this is so is shown by the fact that the 
R-R interval between the second and fourth sinus beats of Fig. 3, C, 
equals three sinus R-R intervals. This effect of the premature systole 
on the following two sinus beats is extraordinary. 

The marked prolongation of the first P-R after the interpolated pre- 
mature systole shortens the following R-P, and, in this way, affects the 
P-R of the second sinus beat after the interpolated premature systole. 
Besides the unusual instance of a blocked P wave, a number of instances 
of definite, and several of slight, P-R prolongation in the seeond post- 
extrasystolic beat were encountered (ef. Table II, second premature 
beat of Fig. 3, B, and first premature beat of Fig. 2, B and D). As 
Table II shows, the P-R effect is dependent on the R-P, and is a mani- 
festation of the influence of the absolute and relative refractory period 
after the first postextrasystolic beat, 
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SUMMARY 

1. A case of interpolated ventricular premature systoles is presented 
in which there was unusual prolongation of the postextrasystolic P-R 
intervals; they attained 0.78 second in one instance, and over 0.60 sec- 
ond in three others. 

2. The marked prolongation of the postextrasystolie P-R interval 
after interpolated ventricular premature systoles had a hitherto unde- 
seribed effect on the second postextrasystolic beat, namely, prolongation 
of its P-R and, on one occasion, dropping out of the second postextra- 
systolic ventricular complex. 

3. Analysis showed that the P-R of the first postextrasystolic beat 
did not depend exclusively on the interval between the beginning of QRS 
of the premature systole and the next sinus P wave which occurred; 
some other factor was involved. Reasons are given for the view that 
this most likely depended upon variations in the retrograde conduction 
from the point of origin of the ventricular premature systole. The 
P-R of the second postextrasystolie beat, on the contrary, depended ex- 
clusively on the interval between its P and the beginning of the pre- 


ceding QRS. 
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THE RELATION OF NEUROCIRCULATORY ASTHENIA 
TO GRAVES’ DISEASE 


MoscucowirTz, M.D., SoLoN S. BERNSTEIN,* M.D. 
New York, N. Y. 


INTRODUCTION 


HIS rather ill-defined disorder, without a background in morbid 
anatomy, which has at various times been called ‘‘effort syndrome, ”’ 

‘‘disordered heart action of soldiers,’’ ‘‘autonomic imbalance,’’ and 
(from its discoverer) ‘‘Da Costa’s syndrome,’’ has not obtained the 
dignity of a nosological entity. Because of the vagueness of its clin- 
ical outlines, both symptomatic and objective, its definition is more or 
less arbitrary, and, for this reason, the term syndrome seems decidedly 
more applicable. We believe the failure to place this syndrome into 
its proper category is due to the current tendency to view disease from 
the static rather than the dynamie viewpoint, and the failure to grasp 
the fact that biology’ has its role in the interpretation of disease proc- 
esses. If this view is taken, neurocirculatory asthenia presents so 
many features in common with the larval, or constitutional, phase of 
Graves’ syndrome that we believe the two are identical, and it is with 
the exposition of this thesis that this paper is concerned. Indeed, the 
resemblance between the two maladies is so strong that most writers 
who believe in the specificity of neurocireulatory asthenia as a disease 
entity concern themselves with the differential diagnosis of this malady 
from Graves’ syndrome. This concept is not new; it has been broached 
a number of times, especially during the last war by Barr,? Brooks,* 
Carrol,* and Grotti,> but on what we believe to be insufficient evidence. 

In order to elucidate our thesis, we shall take up the various clinical 
characteristics of neurocireulatory asthenia, as currently described, 
and show their similarity to those of Graves’ syndrome. 

Symptomatology.—tThe conventionally described symptoms of neuro- 
circulatory asthenia are breathlessness (especially on effort), palpita- 
tion, fatigue, dizziness, occasional precordial pain, sighing respiration, 
headache, dry mouth, occasional syneope, and diarrhea. Usually, there 
is anorexia. Sir Thomas Lewis® describes this attitude as ‘‘frozen 
with fear with wide staring eyes.’’ Moreover, these symptoms are not 
by any means strictly related to war, but occur even in adolescents, 
especially under the influence of emotion.’ This fact, coupled with 
others that we shall mention, effectively disposes of the notion that 
neurocirculatory asthenia is strictly a war disease. The similarity of 

Received for publication July 17, 1943. 
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these symptoms with those of Graves’ syndrome is too obvious to re- 
quire discussion. In fact, they are identical with those we have often 
observed in patients under emotional strain, whom we have known 
well before the onset of the typical Graves’ syndrome, and to whom 
the diagnosis of cardiac neurosis, psychoneurosis, or autonomic imbal- 
ance’? was applicable. Moreover, these symptoms are observed not 
infrequently for varying periods after subtotal thyroidectomy for gen- 
uine Graves’ syndrome, sometimes for the remainder of the patients’ 
lives. 

Physical Signs.—The characteristic physical signs of neurocireula- 
tory asthenia® are tachycardia, coldness and blueness of the hands, 
hyperpnea or tachypnea, tremor, sweating of the palms and axillae, 
asthenia, and dermographia. : 

a. Tachyeardia: This appears to be the most conspicuous and con- 
sistent sign of neurocirculatory asthenia. In the first World War, 
most observers, and especially Sir Thomas Lewis,° ascribed the tachy- 
cardia to effort, but, in the present war, it is the opinion of most British 
observers that the tachycardia is due not so much to effort as to emo- 
tion. Thus, Jones and Lewis’ say that ‘‘it is not effort but the situation 
in which effort is required and the emotional attitude of the man 
toward this situation that are significant factors.’’ They noted, for 
instance, that, in the carpenter shop, the patients showed no evidence 
of tachyeardia as compared to other forms of training. Wood’ ex- 
presses himself in a similar vein. This effect is comparable to that 
which one sees in the initial phase of Graves’ syndrome. The point is 
frequently raised that the tachycardia of Graves’ syndrome differs 
from that of neurocirculatory asthenia in that it does not tend to dis- 
appear at rest. If we compare neurocireulatory asthenia to the florid 
and full-fledged type of Graves’ syndrome, this is more or less true, 
but, in the larval, or initial, phase of Graves’ syndrome, we have ob- 
served repeatedly that, under conditions of emotional and physical 
rest, the tachyeardia subsides. 

b. Coldness and blueness of the hands: These signs are by no means 
always present in neurocireulatory asthenia; according to Wood, this 
sign was noted in 44.5 per cent, and its pathognomonie significance has 
been further minimized by the observation of Sir William Osler 
(quoted by Wood) that, in England, cold, blue hands are exceedingly 
common because of climactic conditions. Nevertheless, this sign is 
repeatedly used to differentiate between neurocirculatory asthenia and 
Graves’ syndrome. That the hands are warm in Graves’ syndrome 
because of peripheral vasodilatation’*® is well known, but this is true 
only in the florid types. In the larval or constitutional phase, before 
the basal metabolic rate has become elevated, we have noted cold 
hands as often as not. At best, this sign is indecisive. 
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ce. Hyperpnea and tachypnea: These symptoms are common in emo- 
tional states with or without organie heart disease, and have little 
significance as diagnostic differentials. 

d. Tremor: The tremor is generally believed to be coarser in neuro- 
circulatory asthenia than in Graves’ syndrome, but it is questionable 
whether this is sufficiently decisive to be used as a diagnostie point. 
In our experience, the tremor varies widely in Graves’ syndrome, de- 
pending partly on the stage of the disease and partly on the emotional 
state of the patient. In the constitutional stage of Graves’ syndrome, 
the tremor is more often coarse than fine, and, if absent, it can be 
induced or intensified by an injection of adrenalin, thus supporting the 
view of Cannon’ that, under the stimulus of fear, hyperadrenalemia 
is induced (Goetsch test). Suggestive in this connection is the obser- 
vation of Peabody, Clough, Sturgis, Wearn, and Tompkins’ that the 
Goetsch test was positive in 60 per cent of their soldiers with irrita- 
bility of the heart; usually there was a temporary rise in the basal 
metabolic rate in these cases. Boas'® found the Goetsch test positive 
in 29 per cent of his cases. The cause of this difference is not clear. 

e. Sweating of palms and axillae: This symptom does not differ in 
the slightest from that usually observed in Graves’ syndrome. 

f. Asthenia: It differs in no essential from that of Graves’ syndrome. 

g. Dermographia: This is exceedingly common in both conditions. 

The close similarity between these symptoms and signs and the class- 
ical description of Darwin™ of the expression of fear, which, as we 
shall see, is the dominant exciting agent of both disorders, is indeed 
striking. Both Crile’* and Wood’ stress this analogy. 

Occurrence in Civilian Life—That the occurrence of neurocireula- 
tory asthenia is not strictly limited to wartime is obvious to every 
general practitioner, and, moreover, it is extremely common in civil 
life. Thus, White and Jones'® noted it in 302 of 3,000 patients who 
had eardiae complaints; in 62 additional cases it was accompanied by 
organic heart disease. The reason for its prominence during wartime 
is undoubtedly fear. One of us*® has already called attention to the 
fact that Graves’ syndrome, like most psychosomatic diseases, bears 
a distinet relation to great crises and emotional waves, and, broadly, 
to the inereased strain of living. 

Age.—Both neurocireulatory asthenia and Graves’ syndrome occur 
at all ages. The reason for the greater preponderance of neurocir- 
culatory asthenia in the third and fourth decades is the circumstance 
that this is the military age. Both are rare in children”’ before the 
emotive and sensitizing faculties are fully developed. 

Sex.—tThere is a current notion that neurocirculatory asthenia is a 
masculine disease because most reports are concerned with soldiers, 
but it is exceedingly common in women. Indeed, Craig and White” 
and Wood’ agree that two-thirds of the cases occur in women, As 
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Wood expresses it, ‘‘the change of sex and the lack of khaki uniform 
act as an effective disguise.’’ The preponderance of Graves’ syndrome 
in women is accepted by all. 

Constitutional factor—Neurocireulatory asthenia does not affect per- 
fectly normal persons, nor does it arise de novo in such. Most ob- 
servers *'* 25 speak of a constitutional factor. This is evident in the 
extraordinary frequency of familial incidence. Oppenheimer and 
Rothschild'® found ‘‘nervousness, insanity, or epilepsy in the family 
in 45 per cent.’’ Wood found a high incidence of psychoneurosis or 
cardiae neurosis as compared to controls. Parkinson*® found a family 
history of symptoms similar to those of neurocireulatory asthenia in 
60 per cent of his cases. This does not necessarily imply that there 
is a genetic factor; far more likely, the transmission to the son is the 
result of environmental background and sensitizing factors. Thus, 
Jones and Lewis’ found that a large majority of the victims were 
‘‘spoiled’’ children, and that the horror of war was often inculeated 
by the parents. Wood found that, in childhood, most of the patients 
were delicate, and clung too long to their mothers’ skirts. They were 
filled with apprehension about going to school, and, altogether, the 
ease histories suggested that parental influence induced timidity. 

The previous history offers further evidence of the constitutional 
factor in neurocirculatory asthenia. Most observers agree that the 
majority present a history of either neurocirculatory asthenia or psy- 
choneurosis before enlisting, often dating back to adolescence. Thus, 
Oppenheimer and Rothschild found, in 75 per cent of their cases, a 
history of either stigmata, previous nervousness, fear, moodiness, a pre- 
vious breakdown, enuresis, frights in childhood, or any of a number 
of other factors. Boas** found that the vast majority gave a history 
of nervousness and excitability dating baek to childhood, and that 
they could not stand the strain of excitement. They bore a strong 
resemblance to the cases described by Bass and Wessler** in children, 
many of whom had orthostatic albuminuria. Wood‘ expresses him- 
self similarly, and find that tics, bed-wetting, nightmares, and stam- 
mering are common traits, and that a psychiatric diagnosis, such as a 
depression, an anxiety state, hypochondriasis, hysteria, ete., could al- 
ways be made. Jones and Lewis’ obtained a history of stammering, 
bed-wetting, and sleepwalking in about 50 per cent, and nearly two- 
thirds were shy, tense, hypochondriaeal, or delinquent. Parkinson® 
found that 50 per cent gave a history of symptoms similar to neuro- 
circulatory asthenia before the war, but not sufficient to prevent them 
from pursuing their sedentary occupations. Observers are unanimous 
in their opinion that these patients are exceedingly sensitive to both 
physical and psychic influences, and are introvert and fearful. There 
are no anthropologic characters that are peculiar to patients with neu- 
rocireulatory asthenia, but most observers agree that they are not 
athletie in build, action, or spirit. 
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Taken by and large, there is sufficient evidence of a constitutional 
factor, and the probability is strong that it is phenotypic rather than 
genotypic. 

These constitutional factors of neurocirculatory asthenia parallel 
those of Graves’ syndrome closely. In a previous communication,” 
one of us pointed out the illuminating significance of a family history 
in Graves’ syndrome. The same malady affects two or more members 
of the family, which is more than the law of averages allows.?*** 
What is especially striking is that few of the siblings are phlegmatic 
or adjusted folk; psychoneuroses of all sorts, cardiac neuroses, and 
even psychoses” are frequent, and the symptoms and signs are iden- 
tieal with those of neurocirculatory asthenia. 

One of us also called attention to the fact that Graves’ syndrome 
almost always affects persons of a characteristic psychic make-up. 
They are unusually sensitive and emotional. They respond to their 
environment, whether physical or psychic, like an aeolian harp, and, 
in consequence, feel that their lives have been unusually hard. 
Their emotional range is wide, varying from eestasy to depression, 
and, indeed, psychoses of this nature are by no means uncommon.,*’*? 
Occasionally, one sees what appears to be a phlegmatic person with 
Graves’ syndrome,** but, when one digs deeper, one finds that it is only 
a mask. This personality long antedates the onset of the disease, even 
back to childhood, and, moreover, persists after the grosser manifesta- 
tions of Graves’ syndrome have subsided. 

These two factors, the familial and the personality, comprise the 
constitution of Graves’ syndrome, and from the study of numerous 
patients from a psychoanalytic viewpoint,** we came to the conclusion 
that the influences that engender this constitution are environmental 
or the result of parental overprotection, rather than genotypic. That 
a genetic factor plays a role in the development of Graves’ syndrome 
is indicated by the frequency with which the thymicolymphatie con- 
stitution is present. In the Mt. Sinai Hospital, it was found in over 
90 per cent of our cases in which there was a fatal outcome. Warthin,* 
in particular, emphasized this factor. Whether this lymphatic con- 
stitution exists in neurocirculatory asthenia, we have no means of 
telling. The relation of this constitution to Graves’ syndrome is not 
clear. Inasmuch as it is well known that persons with the lymphatic 
constitution are unusually sensitive to both psvehie and physical stimuli, 
this may act as a sensitizing agent. 

Exciting cause.-—Most observers of neurocireulatory asthenia in the 
army, especially in the present war, emphasize fear as the dominating 
factor in producing the disease.*'' ** The fear is of two kinds: (1) 
sudden, from some harrowing war experience such as gassing, shell 
explosion, ete., or (2) anticipated; Wood and Parkinson found that 
the fear of killing or of being killed was present in thé majority of 
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their cases. Highly significant in this connection is the statement of 
Cohn,** who, in his inspection of the base hospitals in the week after 
the armistice, found only rare instances of neurocirculatory asthenia, 
whereas previously they had been common. Parkinson® found that 
neurocireulatory asthenia was rare in the Navy and Air Forces, for 
the reason that there is a greater proportion of volunteers in these 
services. In neurocireulatory asthenia of civil life, Craig and White,** 
in a study of 100 cases, found that psychogenic factors such as anxiety, 
sexual irregularities, an unhappy marriage, pregnancy, menopause, in- 
fections, and operations were frequent precipitating causes. In the 
last World War, some observers believed that neurocireulatory asthenia 
oceasionally followed an infection,® '® In the present war, comment 
is singularly wanting on this score. Thus, Wood,’ with his large ex- 
perience, feels that the factor of infection is highly unimpressive, and 
that, when such a history exists, it is the fear engendered by the infec- 
tion rather than the infection itself that is responsible. 

These observations on neurocireulatory asthenia again parallel those 
in Graves’ syndrome. That emotional crises may precipitate an at- 
tack of Graves’ syndrome is well known. Indeed, we have observed 
the malady attain its full fruition within a few days after such a crisis. 
Among the precipitating events, we reéall a robbery, a fire, the death 
of a close relative (usually a mother), a difficult confinemerit, a fright- 
ful sexual experience, a sudden economic loss, and an unwanted preg- 
naney. There was a sudden crop of Graves’ syndrome in Vienna after 
the theater horror in the eighties, and after the San Francisco earth- 
quake. We at the Mt. Sinai Hospital have been particularly struck 
with the frequency of Graves’ syndrome among German refugees, so 
that the expression ‘‘Hitler Graves’ ’’ has come into vogue. The essen- 
tial ingredients in these emotional crises are surprise and fear. 

Frequently, one does not obtain any history of a surprise shock in 
Graves’ syndrome. In these cases one usually finds reiteration of 
smaller and petty insults, or a new situation to which the patient can- 
not adjust himself, such as an unhappy marriage, a sexual abnormality, 
unrequited love, economic strain, ete. In these instances, it is often 
difficult to decide when the transition from the constitutional to the 
florid phase of the disease occurred. In Graves’ syndrome, as well, 
infection has often been accused of precipitating an attack, but, in our 
experience,”” as in Wood’s in neurocireulatory asthenia, it is not the 
infection, but the fear induced (even when the infection is trivial) 
that is the significant factor. 

Basal Metabolism.—Thus far, we have paralleled neurocirculatory 
asthenia to Graves’ syndrome. It is now necessary to reverse the 
process because Graves’ syndrome contains certain clinical elements 
which are usually absent in neurocirculatory asthenia, namely, an ele- 
vated basal metabolic rate, thyroid enlargement, exophthalmos, and 
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response to iodine. Inasmuch as the development of these features 
bears a relation to the evolution of Graves’ syndrome, a discussion of 
the biology of this disease is in order. In a previous paper,”° one of 
us tried to show that Graves’ syndrome does not represent a nosolog- 
ical entity in the sense that it has a well-defined group of signs and 
symptoms and a consistent background in morbid anatomy, but rather 
a series of diseases. arranged in biologic sequence that have previously 
received different names. The larval phase is the constitutional stage, 
which has been called Basedowoid, autonomic imbalance, pre-Basedow 
or pre-Graves’, cardiac neurosis, neurasthenia, ete. The signs and 
symptoms resemble those of neurocirculatory asthenia so closely that 
they have often been confused. In the middle phase of the disease, 
at which time thyroid enlargement and perhaps lid-lag have been 
added to the other signs, the malady has been called a forme fruste. 
The final or florid phase consists of the classical quadrad of signs, plus 
an elevated basal metabolic rate, and is conventionally termed Graves’ 
‘“‘disease.’? Between the initial and final phases one finds various 
groupings of signs and symptoms; one or more of the quadrad of 
signs, such as thyroid enlargement and exophthalmos, may even be 
missing. Graves’ syndrome may be described as a hyperkinetic disease 
in which many of the physiologic functions are exaggerated. Because 
of this evolution and the inconsistency of the signs and symptoms, the 
term syndrome seems preferable. The common denominator in all 
these groups is the type personality described above, and the proof 
of this natural history, or life cycle, is not only the fact that, when the 
opportunity arises (and only the general practitioner has it), one can 
observe such transitions, but also, and more frequently, regressions to 
the larval phase under the influence of either spontaneous remission 
or treatment. The difference between the initial and florid phases of 
Graves’ syndrome is like that between the tadpole and the frog. It is 
still the same animal, but of different shape and habits. 

In most quarters, elevation of the basal metabolic rate is regarded 
as the vital diagnostic difference between Graves’ syndrome and all 
other conditions that simulate it, and for this reason the terms Graves’ 
syndrome and hyperthyroidism have been used interchangeably. We 
believe this is entirely arbitrary, and has perpetuated a fallacy that 
has contributed much to the existing confusion coneerning the nature 
of Graves’ syndrome. Because the basal metabolic rate is usually 
elevated in Graves’ syndrome, one is not warranted in concluding that 
the patient does not have Graves’ syndrome because the basal metabolic 
‘ate is not elevated. This error in reasoning is regrettably common in 
clinical medicine. The basal metabolic rate in thyroid disease measures 
only the degree of the hyperthyroidism, but Graves’ syndrome comprises 
elements that are not entirely explained by the elevation of the basal 
metabolic rate alone, and for the following reasons: (1) Patients with 
‘‘spent’’ or ‘‘burnt-out’’ Graves’ syndrome, who reveal the classical 
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quadrad of signs, may possess a basal metabolic rate within the normal 
range. This does not imply that at some previous date the basal meta- 
bolic rate was not high; it probably was, but, clinically, such patients 
cannot correctly be said to have hyperthyroidism. Kessel and Hyman’ 
classify such patients as cases of ‘‘autonomie imbalance,’’ but we believe 
it would be more logical to call the condition ‘‘Graves’ syndrome without 
hyperthyroidism.’’ (2) After subtotal thyroidectomy, when the basal 
metabolic rate becomes normal, many of the clinical manifestations may 
persist for years, even though the patient is economically and socially 
restored. (3) During the larval or middle phases of Graves’ syndrome, 
the basal metabolic rate is usually normal, but when, under an emotional 
strain, the disease assumes a florid form, with a rise in basal metabolic 
‘ate, are we justified in assuming that a different disease has been born? 
All we may say is that the patient has aequired hyperthyroidism. (4) 
The administration of toxie doses of thyroid extract to human beings 
mimics, but by no means completes, the clinical picture of Graves’ syn- 
drome. One obtains tachycardia and tremor and even weight loss, but 
no exophthalmos or swelling of the thyroid gland. In animals, Carl- 
son** found that excessive doses of thyroid caused only loss of weight, 
gastroenteritis, and diarrhea. (5) Cases in which there are clinical evi- 
dences of Graves’ syndrome associated with myxedema occur, even if but 
rarely. They usually represent exhaustion phenomena.***° Sattler?’ 
cites a number of instances in which Graves’ syndrome was engrafted 
on myxedema. Hyperthyroidism, as measured by the basal metabolic 
‘ate, may be regarded as the most important sign of Graves’ syndrome, 
and it is to the reduction of this rate to normal levels that therapeutic 
efforts are largely devoted. It is a sign of activity comparable to 
fever in infections; when the temperature of a patient with ty- 
phoid fever returns to normal, he has not necessarily lost his disease. 
There is abundant evidence*® *® **: 4": 4? that Graves’ syndrome is by no 
means a disease exclusively of thyroid origin. The hyperactivity of the 
thyroid gland is only a link in the complicated mechanism whereby the 
disease arises, probably by way of the vegetative nervous system, with 
involvement of some of the other endocrine glands as complicating fac- 
tors. The diagnosis of Graves’ syndrome should not be dependent upon 
one or even a group of signs or symptoms, but upon a study of the total 
organ-personality. Evidence is accumulating rapidly that it is a psycho- 
somatie disease**-** and a disease of the higher civilizations. Most ob- 
servers agree that it is absent in primitive races.*’ *® Particularly 
illustrative in this connection is the observation that, whereas formerly 
Graves’ syndrome was extremely rare in Negroes, it is at present by no 
means uncommon, at least in our experience, among northern Negroes. 
We believe this increase is the result of industrialization and the produc- 
tion of increased conflict that they have acquired in their contact with 
whites. 
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If these points of view are accepted, it renders many of the curious, 
reported inconsistencies concerning the relation of neurocirculatory 
asthenia to Graves’ syndrome understandable. For instance, numerous 
writers*’** report the association of neurocirculatory asthenia with 
Graves’ syndrome because symptoms of neurocirculatory asthenia re- 
main after thyroidectomy. In our experience, this is more common 
than is usually estimated. Our interpretation is that thyroidectomy 
does not cause a divorce between two separate diseases, but only be- 
tween the hyperthyroidism and the neurocirculatory asthenia. In 
other words, thyroidectomy simply modifies the clinical picture by 
causing a regression to the larval stage. On the other hand, reports 
of an elevated basal metabolic rate in neurocireculatory asthenia are by 
no means infrequent. The incidence would probably be much more 
common were it not that most observers begin with a prejudice based 
on preconceived criteria of both diseases. As soon as the basal meta- 
bolic rate is found to be elevated the possibility of neurocirculatory 
asthenia is promptly excluded. Peabody, Wearn, and Tompkins™ re- 
port the results of measuring the basal metabolic rates of 59 patients 
with ‘‘irritable heart of soldiers.’’ It was within 10 per cent of normal 
in 48 cases, and within 15 per cent in 53. In two eases, it was 60 and 
61 per cent above normal. TheSe were regarded as cases of Graves’ 
syndrome. In three eases the basal metabolic rate was 16 to 22 per 
cent above normal. These latter cases were not regarded as Graves’ 
syndrome. 

A number of observers are puzzled by ‘‘borderline’’ cases between 
neurocireulatory asthenia and Graves’ syndrome, i.e., patients who 
present most of the clinical evidences of Graves’ syndrome, including 
tachyeardia, tremor, exophthalmos, and goiter, but have a normal basal 
metabolic rate.** °°? We believe this quandary would vanish if the 
distinction between hyperthyroidism and Graves’ syndrome were 
recognized. 

Thyroid Enlargement.—That thyroid enlargement is not essential in 
the diagnosis of Graves’ syndrome is attested by the frequeney with 
which it is absent. It is difficult to estimate the exact incidence because 
this sign is subject to individual interpretation; according to different 
observers it varies between 25 and 50 per cent. Data in regard to thy- 
roid enlargement in neurocireulatory asthenia vary widely. Thus, Sir 
Thomas Barr? found it in all eases of ‘‘soldier’s heart ;’’ Kessel and 
Hyman” found it in 72 of their 86 cases of ‘‘autonomie imbalance ;’’ 
Brooks,* who leaned strongly toward the view that neurocirculatory 
asthenia and Graves’ syndrome are identical, found a prominence of 
the thyroid gland in two-thirds of his cases. Boas?* and Lewis® found 
that 4 per cent of the patients in their series had palpable thyroid 
glands. MeCullagh*®® stated that thyroid enlargement occurs often; 
Crile** took a similar view. Kerr and Addis® found that the incidence 
of thyroid enlargement in recruits with neurocireulatory asthenia was 
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no higher than in a series of controls. Craig and White®* found only 
2 per cent with goiters. This wide variability among different observ- 
ers affords opportunity for a number of reflections: (1) The confusion 
in the standards of diagnosis; (2) that the two maladies overlap; (3) 
that different phases of Graves’ syndrome were being observed. Un- 
der any circumstance, the absence of thyroid enlargement in the early 
or neurocireulatory phase of Graves’ syndrome does not exclude the 
diagnosis of Graves’ syndrome, because one sees, al] too often, the 
development of goiter in such patients. In other words, it is a later 
sign of Graves’ syndrome. It would be equally valid to claim that, 
when albuminuria arises in the course of essential hypertension, a new 
disease has been engrafted. The probability is very strong, therefore, 
that Kerr and Addis®* observed their cases in the larval phase (re- 
cruits), and that Kessel and Hyman'™ saw theirs in the later stages 
(hospital) of the malady. 

Exophthalmos.—As with goiter, exophthalmos is also a symptom of 
the later, often the terminal, phase of Graves’ syndrome. In genuinely 
florid cases, it is occasionally not present at all—according to Rienhoff,*” 
in about 50 per cent. Nevertheless, it is interesting to note that what 
may be regarded as initial evidences of this sign are frequently seen in 
neurocireulatory asthenia. Thus, Sir Thomas Lewis® describes, as char- 
acteristic, the look of ‘‘frozen fear with wide eyes,’’ and Barr,’ the larger 
visible area of the sclera. Lewis also admits that ‘‘a few developed ocular 
signs.’ In the constitutional phase of Graves’ svndrome, one of us has 
described widening of the palpebral fissure and lid-lag as common ae- 
companiments, especially under excitement or even on moderate emotion. 
Kessel and Hyman,’ in their series of eighty-six cases of ‘‘autonomic 
imbalanee,’’ found a von Graefe sign in nineteen and exophthalmos in 
twelve. Brooks* found that exophthalmos was common. Apparently, 
the status of exophthalmos as a differential criterion between neurocireu- 
latory asthenia and Graves’ syndrome depends, like the basal metabolic 
rate and thyroid enlargement, upon the phase of the disease in which the 
patient is observed. 

Response to Iodine—Most observers agree that iodine is of no avail 
in neurocireulatory asthenia, and, similarly, that it is useless in Graves’ 
syndrome without hyperthyroidism. For this reason, the type of re- 
sponse to iodine in the two conditions, as some elaim,®*:°* cannot be 
deemed a diagnostic criterion. 

Transition of Neurocirculatory Asthenia to Graves’ Syndrome.—lf, as 
we contend, these terms represent the initial and final phases of one and 
the same disease, why is it that most observers of the ‘‘irritable heart 
of soldiers’’ report such transitions but rarely? Rothschild®° and Boas*! 
did not see a single instance. There are a number of explanations for 
this discrepancy: (1) That the diagnosis was based upon the absence of 
clinical data rather than on their presence—data which became manifest 
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only in the later stages of the disease. Persons with frank cases of 
Graves’ syndrome were usually not inducted into military service, and 
when, by chance, they were, they probably were excluded from study. 
Graves’ syndrome was common enough in the past war, both in military 
and civilian circles,?* °-*? but, as far as we are aware, no study of this 
disease from the dynamic viewpoint was made. (2) There was insuffi- 
cient follow-up. The only such study of neurocireulatory asthenia that 
is available is Grant’s,°* who reported the follow-up of 665 patients who 
had been observed in the Colchester Camp for the study of the effort 
syndrome. None developed Graves’ syndrome. This is hardly surpris- 
ing in view of the fact that they had been noncombatants and the war 
had ceased. This leads to the third explanation. (3) That the malady 
lost its momentum because the stimulus, fear, was eliminated by the 
cessation of the war, and protective mechanisms (institutionalization) 
were invoked. This factor is, by all odds, the most likely. As cireum- 
stantial evidence, we cite again the statement of Cohn,** who, in the 
week after the armistice, found neurocireculatory asthenia rare, whereas 
it had previously been common; in addition, we wish to call attention to 
the sudden diminution of articles on neurocireulatory asthenia in the 
Index Medicus after the cessation of hostilities, and the sudden rise with 
the onset of the present war. Curiously, nearly all of the reported cases 
in which such transitions were noted are in the literature concerning 
neurocireulatory asthenia in civil life,’* °° which can only mean 
that these observers were in a better position to recognize transitions. 

The following eleven cases, observed in the Mt. Sinai Hospital during 
the past eight years, are reported. In our opinion, the number of cases 
is significantly large when we consider that they occurred in a hospital 
where transitions perforce cannot be observed as frequently as in private 
practice. The number is too large to be subject to the mere law of 
chance. We would undoubtedly have been able to report many more 
instances of transition had we been less rigid in our interpretation of the 
previous history, in which, although the clinical evidences of neurocireu- 
latory asthenia were patent, basal metabolic readings were: unavailable. 
The main reason transitions are not more frequently seen is the protec- 
tion that envelops the patient as soon as the diagnosis of neurocireula- 
tory asthenia is made. He is more or less shielded from, and rendered 
less amenable to, tribulation. 


REPORT OF CASES 


H.L. (Adm. No. 374074) was admitted to the hospital in December, 
1934, with a well-defined Graves’ syndrome. She had been under the 
observation of one of us since 1925 because of classical neurocircula- 
tory asthenia. She had been very ‘‘nervous throughout her youth, and, 
with the advent of adolescence, was subject to frequent crying spells, 
baseless apprehension, and frequent attacks of palpitation. She mar- 
ried at 23 years but her husband’s long absences and suspected in- 
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fidelities increased her instability. The birth of her only child, when 
she was 25 years old, brought complete absorption, with some recession 
of her symptoms. When, however, the child was old enough to go to 
school the enforced loneliness brought a marked exacerbation of the 
palpitation, sweats, and breathlessness. When first seen by us she 
presented a flushed facies, a very labile pulse rate and blood pressure, 
extreme hyperreflexia, and a marked anxiety state. Aside from its 
rapidity, the heart disclosed no abnormality ; no murmurs were audible 
and the electrocardiogram was negative. There was slight, diffuse 
enlargement of the thyroid. The basal metabolic rate ranged from 
minus 10 per cent to plus 8 per cent. Sedatives and superficial psycho- 
therapy, with some degree of cooperation on the part of the husband, 
brought temporary improvement. She was admitted to the Sydenham 
Hospital in June, 1931, where all investigations were negative and the 
basal metabolic rate was minus 6 per cent. With sedatives and rest in 
bed, the pulse rate became stabilized at 70. She was discharged with 
the diagnosis of neurocirculatory asthenia. In the latter part of 1933, 
she was deserted by her husband, and was forced to go on relief. Loss 
of weight, increasing nervousness, bulimia, increase in the size of the 
thyroid, and intense intolerance to heat appeared. She then presented 
the picture of Graves’ syndrome, with exophthalmos, tremor of the 
fingers, a persistently rapid pulse, increased pulse pressure, and a 
markedly enlarged thyroid gland. The basal metabolic rate was plus 
55 per cent. She was admitted to the Mt. Sinai Hospital in December, 
1934, and had several brief attacks of paroxysmal auricular fibrilla- 
tion during treatment with iodide. A two-stage subtotal thyroidec- 
tomy was performed, and the histologic appearance was that of a ‘‘fol- 
licular colloid adenoma with areas of hyperplasia.’’ The symptoms 
and signs aseribable to the Graves’ syndrome subsided rapidly. The 
emotional instability, pulse lability, and breathlessness are still present, 
with prompt accentuation under stress. The basal metabolic readings 
have remained normal until the present time (December, 1942). 


W. MeD. (Adm. No. 388170), a 30-year-old, married, billing clerk, was 
admitted to the Mt. Sinai Hospital Dee. 26, 1935, complaining of pre- 
cordial oppression, nervousness, palpitation, and fatigability which, al- 
though present since early youth, had in the preceding eight months 
become considerably increased; additional recent symptoms were 
tremor, bulimia, and a loss of 20 pounds in weight. 


He gave the following personal history when he first consulted the 
referring physician in 1928. He was the only child of apparently 
totally mismated parents, and his mother was twelve years his father’s 
senior. His childhood was very unhappy; his mother was totally un- 
sympathetic and manifested her resentment of him in a great many 
ways. The care of his father, who was rapidly becoming blind, fell 
entirely on the boy. At 13 years of age, after a rapid succession of 
conflicts at home, he first noted breathlessness, pounding of the heart, 
and nagging precordial sensations. He attended a commercial high 
school, but was compelled to leave six months before graduation and 
find a job, because his father was no longer employable. He became a 
bookkeeper in an uncle’s business, but keenly felt his inability to com- 
plete school. He hated his work. and even minor responsibilities pro- 
duced a sense of panic. Constantly criticized and frequently berated 
by his uncle, the attacks of breathlessness and palpitation became more 
frequent. <A love affair, at 22 years of age, was finally terminated by 


MOSCHCOWITZ AND BERNSTEIN: RELATION OF TWO DISEASES 189 


the girl’s parents after several years because of religious differences ; 
her marriage, shortly thereafter, to another induced a profound and 
prolonged depression; he became totally disinterested in his surround- 
ings. The cardiac symptoms increased in severity, and for several 
months he did not venture from his home. A physician assured him 
that he had no evidence of heart disease, and suggested rest in the 
country, which brought temporary improvement. Repeated basal me- 
tabolism measurements ranged from minus 10 per cent to plus 6 per 
cent. He then secured a position as a billing clerk, which he still 
holds. He has since condemned himself bitterly for not having left his 
family sooner. At 28 years he married, after a brief courtship, but it 
brought him neither kindness nor understanding. Within the first 
year of marriage his mother died of gangrene of the extremities, his 
father committed suicide, and his wife bore a child which she did not 
want. The diseord which marked his marriage abetted his sense of 
inadequacy. His sexual adjustment was poor. 

About eight months before entering the hospital, his symptoms in- 
creased, palpitation became almost constant, intolerance to heat be- 
came pronounced, there was a marked tremor of the fingers, and he 
lost 20 pounds in weight despite the fact that he maintained his ap- 
petite. On examination he presented the classical picture of Graves’ 
syndrome. He was hyperkinetic and asthenic. There were a distinct 
stare, moderate exophthalmos, and a fine tremor of the fingers. The 
pulse rate, although labile, rarely fell below 100 beats per minute. 
A distinct bruit and thrill were present over the diffusely enlarged 
thyroid. The heart sounds were dynamic; the systolic blood pressure 
was 146, and the sounds were audible down to 0. The skin was moist, 
the palms were warm, and there was a marked tache. Thrills were felt 
along the larger peripheral vessels. The basal metabolic rate was plus 
59 per cent, but fell after treatment with iodide, to plus 22 per cent 
within ten days. Thyroidectomy was performed, with the removal of at 
least seven-eighths of each lateral lobe. The postoperative course was 
smooth, and, on discharge, the basal metabolic rate was plus 2 per cent 
and the blood pressure was 120/76. The pathologic specimens disclosed 
**(1) hyperplastic thyroid, as seen in Graves’ disease, and (2) a small 
piece of parathyroid and thymic tissue.”’ 

He was observed at frequent intervals until the present time (No- 
vember, 1942). Although the symptoms and signs of Graves’ syndrome 
have completely disappeared, he reverted to the status preceding the 
onset of thyrotoxicosis. Emotional instability persists, as well as the 
eardiae sensations, tachyeardia, flushing, apprehension, and hyper- 
hidrosis; fatigability on even slight effort ts pronounced. Repeated 
measurements of the basal metabolic rate have been normal. 


D. F. (Adm. No. 406769), a 47-year-old housewife, was admitted to the 
hospital April 7, 1937, with a history of extreme nervousness since early 
youth. Vague precordial oppression, dyspnea, and palpitation would 
appear under any. emotional stress. In the preceding ten years, her 
nervousness and excitability had increased considerably. About ten 
months earlier the patient had witnessed a robbery, which produced an 
hysterical state, with recurrent phobias and anxieties; she was compelled 
‘to remain in bed for several weeks. Crying spells were frequent. The 
events surrounding the robbery constantly reverted to her mind. She 
had been followed for several years in the surgical and medical clinics, 
and repeated examinations, including basal metabolic readings, were 
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negative. Because of trembling of the right arm of four months’ dura- 
tion, Parkinsonism was considered, and she was admitted to the Neuro- 
logical Service. 

On examination, she was short and squat. The neurologic status 
proved to be entirely normal, and the trembling of the right arm, which 
soon disappeared, was interpreted as a manifestation of conversion hys- 
teria. There was a firm, grape-sized nodule in the right lobe of the 
thyroid. The pulse rate was 68; the blood pressure was 130/80. The 
heart disclosed no abnormality. She presented a flushed facies, mottling 
of the neck and chest, and marked sweating of the hands and feet. 


After her discharge from the hospital, she was carefully followed, and 
the anxiety state persisted; any emotional erisis would precipitate 
breathlessness, precordial oppression, sweating, and palpitation. 

In November, 1938, she began to lose weight, her appetite increased, 
and her previous symptoms were accentuated. The death of her mother, 
after thyroidectomy, shortly before her readmission to the hospital, on 
May 8, 1939, added to her apprehension. On examination she presented 
a well-defined Graves’ syndrome, with exophthalmos, marked bilateral 
tremor of the fingers, persistent tachyeardia, bulimia, and a weight loss 
of 22 pounds. Urinary frequency and diarrhea were pronounced. The 
basal metabolie rate was plus 46 per cent. With iodide treatment, the 
pulse rate fell from 120 to 70 and the basal metabolic rate to plus 14 
per cent. Subtotal thyroidectomy was performed seventeen days after 
admission, and histologie study revealed a ‘‘hyperplastie thyroid with 
areas of colloid, as seen in Graves’ disease.’’ The thyrotoxie symptoms 
rapidly subsided after operation. She was not followed therafter. 


L. H. (Adm. No. 441026), a 40-year-old German refugee physician, was 
admitted to the hospital May 6, 1939, with Graves’ syndrome. During 
the preceding five months there had been increasing enlargement of the 
neck, a loss of 30 pounds in weight, extreme nervousness, tremor, palpi- 
tation, and bulimia. 

Since early youth, he had been very introspective, easily frightened, 
and apprehensive. In high school he would experience violent palpita- 
tion and dyspnea when called upon to recite or during examinations. He 
was told that, when frightened, his skin would assume a subicterie hue. 
With the advent of the Hitler regime his symptoms became more pro- 
nounced, with almost constant palpitation, precordial oppression, fatiga- 
bility, and irritability. Holidays and sedatives would bring transient 
relief. The basal metabolic rate was normal on several oceasions. 

On examination he was hypermotile, and there were a distinct stare 
and lid-lag. The left robe of the thyroid was enlarged to the size of 
a lemon. The heart rate varied from 96 to 110 beats per minute. The 
blood pressure was 146/68. The spleen was enlarged 2 fingerbreadths 
below the free border of the ribs. A chest roentgenogram disclosed mod- 
erate extension of the thyroid into the left upper part of the mediasti- 
num. The basal metabolic reading on admission was plus 40 per cent, 
and fell to plus 12 per cent after nine days of treatment with iodide. 
Subtotal thyroidectomy was performed. and histologic examination dis- 
closed a hyperplastic thyroid, as seen in Graves’ disease. The post- 
operative course was uneventful. 

The picture of neurocirculatory asthenia has not, however, been sig- 
nificantly altered, and he still responds to difficult situations with palpi- 
tation, precordial oppression, fatigability, and, at times, dyspnea. 
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Mrs. B. B. (Adm. No. 414655), a 59-year-old mother of two children, 
came under our observation in 1924, at the age of 41. She complained 
of a peculiar aching sensation in the precordium, palpitation, hyperhi- 
drosis, and apparently baseless. crying spells. Similar symptoms had 
been present since early childhood. She recalled that, when her father 
died suddenly when she was 6 years old, her mother made a constant 
companion of her, and she was subsequently entrusted with most of the 
household duties and care of the other children. These .responsibilities 
often engendered a sense of inadequacy and panic, accompanied by trem- 
bling, sweats, and pounding of the heart. She would weep because of 
fancied slights, a tendeney which persisted even after what was appar- 
ently a very happy marriage. Frequent examinations never disclosed 
any evidence of disease. The hands were constantly moist, cool, and 
bluish ; the resting pulse rate was 72, and the basal metabolic rate varied 
from minus 10 per cent to plus 5 per cent. Her blood pressure fluctuated 
widely ; it would reach 160/100, but promptly fall to normal on recum- 
beney. When any member of her family fell ill her symptoms would 
multiply, with almost constant palpitation, precordial oppression, and 
dyspnea. A small thyroid adenoma appeared after the birth of her 
second child, when she was 24 years old, but never seemed to increase 
in size. Repeated cardiovascular studies failed to disclose any evidence 
of disease. The advent of the menopause at 49 years somewhat ac- 
centuated her vasomotor instability. 

In October, 1926, she began to lose weight in spite of a tendency 
to bulimia. The heart rate rarely fell below 110, even during sleep, 
and the pulse pressure rose. A slight stare and lid-lag appeared. The 
basal metabolic rate was plus 48 per cent. In deference to her dread 
of operation, palliative measures were instituted, with temporary re- 
mission of symptoms, and the basal metabolic rate fell to plus 24 per 
cent. This was only transient, however, and, with the return of a 
severe Graves’ syndrome, subtotal thyroidectomy was performed Oct. 
6, 1937. The postoperative course was uneventful, with rapid diminu- 
tion of the nervousness, hyperactivity, tremor, tachyeardia, and 
bulimia. She promptly regained her lost weight. 

During the last five years she has been under careful supervision, 
and there has been no return of the Graves’ syndrome. The emotional 
instability and other symptoms identified with the neurocireulatory 
asthenia that she manifested prior to the appearance of the hyper- 
thyroidism persist unchanged. 


T. L. (Adm. No. 430214), a 35-year-old housewife, was admitted to the 
hospital (Dr. Baehr’s service) Sept. 29 1938, at which time a diagnosis 
of neurocireulatory asthenia and anxiety neurosis was made. She 
had always been intensely sensitive, and had been subject to attacks 
of weakness, breathlessness, and palpitation since adolescence. At the 
age of 24 years, shortly after the birth of her second child. she had a 
severe ‘‘nervous breakdown,’’ and was in bed for:a month. Profound 
weakness, persistent palpitation, and hyperhidrosis persisted until she 
secured relief after a sojourn in the country. During the preceding 
four years, palpitation became more frequent, and appeared after but 
slight strain and lasted as long as three hours. The attacks began sud- 
denly, with irregular pounding of the heart and frequent sharp pre- 
cordial pain radiating to the interscapular region. In the intervals 
between attacks, she was unable to concentrate. She experienced gen- 
eralized body tremors and was asthenic. There were also recurrent 
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attacks of dyspnea, suggesting ‘‘sighing respiration,’’ which were un- 
related to the palpitation, and appeared chiefly when she was at rest. 
Diffuse sensations of warmth, followed by profuse sweating and chills, 
occurred several times daily. Excitement or fear, induced by trifling 
incidents, would precipitate severe diarrhea. Repeated measurements 
of her basal metabolic rate, made largely at the insistence of the pa- 
tient because her mother had had Graves’ syndrome, ranged from 
minus 10 per cent to plus 12 per cent. On examination she was some- 
what apathetic. There was no exophthalmos or lid-lag. There was no 
tremor of the fingers. There was slight, diffuse enlargement of the 
thyroid. The pulse rate was labile, varying from 110 to 68. The heart 
sounds were loud and booming. The basal metabolic rate was plus 5 
per cent. Psychiatric consultation disclosed the fact that she was an 
emotionally immature person who was almost completely dependent on 
her mother in spite of her marriage of eighteen years. She had never 
quite recovered from the trauma of her mother’s death four years 
before. It was felt that there was a distinct psychogenic coloration to 
the attacks of dyspnea and palpitation, for they subsided promptly 
when she was relieved of her household responsibilities. Further ob- 
servation in the hospital failed to disclose any evidence of organic 
disease. The pulse rate became slow, the tremor disappeared, and 
there was no heat intolerance. Subsequent basal metabolic readings 
varied from plus 12 per cent to minus 10 per cent. 

After her discharge from the hospital there was some amelioration 
of her symptoms; she gained weight and the attacks of tachyeardia 
and breathlessness diminished both in frequency and intensity. She 
was carefully observed in the Out-Patient Department, and appeared 
to respond well to superficial psychotherapy. In the light of her 
patently improved status, the case was finally closed in January, 1940. 

In June, 1940, almost immediately after a severe nervous shock, the 
nature of which she refused to disclose, her diarrhea returned and she 
had as many as eight movements a day; palpitation, precordial pain, 
intense nervousness, and an inordinate increase in appetite and ex- 
treme weakness appeared. The basal metabolic rate was plus 36 per 
cent. On readmission to the hospital on Aug. 16, 1940, she presented 
marked exophthalmos, tachycardia, with a constant rate of 110, ex- 
treme nervousness, and a blood pressure of 160/90. It was felt by the 
staff that she had Graves’ syndrome, and, after preliminary iodide 
treatment, with a fall in the basal metabolic rate to plus 3 per cent, a 
subtotal thyroidectomy was performed. The resected gland was re- 
ported as ‘‘hyperplastic thyroid, as seen in Graves’ disease in a colloid 
phase.’’ The thyrotoxic symptoms diminished rapidly after operation. 

She has been followed at intervals of a few months until the present 
time. Although she has gained twelve pounds in weight and the 
tremor, bulimia, and pulse rate lability have disappeared, the heart 
consciousness, sighing respiration. and precordial awareness persist. 


R. S. (Adm. No. 434778), a 36-year-old housewife, came under the ob- 
servation of one of us in 1934, complaining of nervousness, palpitation, 
fatigability, and sweating, particularly under emotional stress. Al- 
though these symptoms had been present to a variable degree since 
adolescence, economic reversals after marriage and the care of two 
children with behavior problems accentuated her instability. In early 
youth she had several attacks of syncope, induced by either pain or 
fright. Two attacks of rheumatic fever, the first at 15 years and the 
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second at 26 years, necessitated many months in bed, but there was no 
complicating valvular disease. Repeated assurance that her heart was 
not affected searcely diminished her apprehension and introspection. 
On examination, she presented a flushed facies and mottling of the 
neck and chest. The heart rate was labile and the sounds dynamic. 
The blood pressure was 118/84. The palms were cool and moist. 
Fluoroscopically, the cardiae configuration was normal, and the elee- 
trocardiogram was negative. The basal metabolic rate was minus 8 
per cent. She was seen on several occasions in the next three years 
without any change in the clinical picture except for rapid improve- 
ment during vacations; the basal metabolic rate remained below nor- 
mal, Therapy was limited to suggestion, reassurance, and sedatives. 

About six months preceding admission, her husband’s refusal to con- 
sider having another child led to an estrangement. Her symptoms 
rapidly inereased, palpitation became almost constant, enlargement of 
the neck appeared, and, despite increased appetite, she lost 10 pounds 
in four months. 

She was admitted to the hospital Jan. 11. 1938, with a classical 
Graves’ syndrome. There were distinet exophthalmos, tremor of the 
fingers, hypermotility, a diffusely enlarged thyroid, and a basal meta- 
bolic rate of plus 44 per cent. The heart rate rarely fell below 110 
beats per minute. The blood pressure was 156/84. The electrocardio- 
gram disclosed the prominent P and T waves of Graves’ syndrome. 
The palms were warm and moist. With iodide treatment the basal 
metabolic rate fell to plus 12 per cent, and a subtotal thyroidectomy 
was performed. Histologic examination disclosed a ‘‘ hyperplastic 
thyroid, as seen in Graves’ disease.’’ The postoperative course was 
smooth, and the symptoms of hyperthyroidism subsided rapidly. 

She has been seen at four-month intervals. The basal metabolic rate 
has varied from minus 12 per cent to plus 4 per cent. Although she 
has had a complete reconciliation with her husband, the nervous in- 
stability, intermittent palpitation, fatigability, and heart conscious- 
ness that she manifested before the onset of the Graves’ syndrome per- 
sist without significant change. 


R. A. (Adm. No. 453642), a 25-year-old, married schoolteacher, con- 
sulted one of us in January, 1937, because of recurrent attacks of 
breathlessness, precordial oppression, palpitation, nervousness, and 
sweating. Nervous instability and intermittent anxieties had been pro- 
nounced since early childhood; she had been taken to numerous physi- 
cians who succeeded only partly in assuaging her fears that her heart 
was diseased and that death was imminent. Sighing respiration per- 
sisted through adolescence, but diminished when she was married at 
the age of 19 years. With the advent of pregnancy. 3 years before, all 
of her earlier symptoms returned with great intensity, but were 
abruptly terminated by the birth of a normal child. In the next two 
years, however, her child’s many illnesses, a very difficult school class, 
and her husband’s loss of his position induced a severe exacerbation 
of her instability. In spite of a diminished appetite, her weight re- 
mained stationary. On examination, she appeared well nourished but 
extremely apprehensive, and showed a well-defined autonomic imbal- 
ance. The pulse rate varied from 150 to 90; the palms were cool and 
moist; there was moderate, diffuse fullness of the thyroid; the heart 
sounds were dynamic, and the deep tendon reflexes hyperactive; the 
basal metabolic rate was minus 6 per cent. In spite of reassurance, 
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persuasion, and sedatives, her symptoms persisted, presumably because 
of increasing economic burdens and the severe illness of both her par- 
ents. Paroxysms of tachycardia, with the heart rate reaching 160 per 
minute, were precipitated by even mild irritation. These attacks were 
often promptly terminated by her physician’s reassurance. Measure- 
ments of the basal metabolic rate, which were made frequently, largely 
because of the patient’s insistence, varied from minus 10 per cent to 
plus 4 per cent. 

In January, 1940, weight loss became evident, her appetite suddenly 
increased, and the resting pulse rate, which was previously about 70, 
rarely fell below 100. <A distinct stare and a fine tremor of the fingers 
appeared. In the space of six weeks she lost 12 pounds and noted ex- 
treme intolerance to heat. The basal metabolic rate was plus 32 per 
cent. There had been amenorrhea for two months. There was a 
marked skin tache, and the palms of the hands, previously cold and 
moist, became quite warm. The thyroid had enlarged considerably and 
was firm. She became pregnant in February, 1940, and was admitted 
to the Mt. Sinai Hospital March 12 for a therapeutic abortion because 
of active Graves’ syndrome. <A few hours after admission she aborted 
spontaneously. Iodide treatment was begun one week thereafter, and 
a subtotal thyroidectomy was performed April 6. Histologie study of 
the resected gland disclosed ‘‘hyperplastie thyroid, as seen in Graves’ 
disease in the colloid phase.’’ Convalescence was uneventful, and she 
was discharged to a rest home a week later. 

She has been seen at frequent intervals since her discharge from the 
hospital. The basal metabolic rate is persistently normal. Although 
she presents none of the residua of the Graves’ syndrome, the emo- 
tional lability, unstable pulse rate, heart consciousness, and hyper- 
hidrosis persist. 


S.S. (Adm. No. 456692), a 45-year-old German refugee housewife, was 
admitted to the hospital May 14, 1940, and, after a week’s observation, 
diagnoses of neurocireulatory asthenia anxiety neurosis, psoriasis, and 
a possible anginal syndrome were made. She had been nervous since 
childhood, and had responded to difficult situations with palpitation 
and sweating. Dyspnea on exertion was first noted five months before 
admission, and was accompanied by mild precordial pain. Since com- 
ing to this country she had been compelled to do domestic work in 
addition to taking care of her own household. She was greatly con- 
cerned over a brother who was stranded in Europe. On examination 
she presented a moderately labile, variable pulse rate. A soft systolic 
murmur was audible over the pulmonic area. The edge of the liver 
was felt one fingerbreadth below the costal margin. There were many 
seattered psoriatic lesions on the skin. Several basal metabolic read- 
ings varied from plus 4 per cent to minus 10 per cent. Psychiatric 
consultation indicated that anxiety played the dominant role in her 
illness. She was approaching the menopause, was burdened with the 
usual problems besetting refugees, and she worried lest she develop 
Graves’ disease, as her mother had done. The heart did not show any 
evidence of disease. 

After her discharge from the hospital she showed moderate improve- 
ment for several weeks. Further psychic trauma, however, soon in- 
duced a return of all her former symptoms, with such additional com- 
plaints as an increased desire for food, persistent palpitation, constant 
nervousness, prominence of the eyes, and enlargement of the neck. She 
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was readmitted to the hospital Aug. 20, 1940. with the unmistakable 
picture of Graves’ syndrome. The basal metabolic rate was plus 54 
per cent. The thyroid was diffusely enlarged. A loud systolic murmur 
was audible over the entire precordium. The blood pressure was 
154/70. After fourteen days of iodide treatment, the basal metabolic 
rate fell to plus 9 per cent, and a subtotal thyroidectomy was per- 
formed. The pathologie report was ‘‘hyperplastic thyroid, as seen in 
Graves’ disease in the colloid phase.’’ 

Although disappearance of the thyrotoxiec symptoms was rapid, the 
emotional instability was not significantly affected. Intermittent palpi- 
tation, flushing, and fatigability varied with the degree of her economic 
and social stability. She was readmitted to the hospital Jan. 6, 1941, 
for the removal of a lipoma of the breast. She presented a well-defined 
picture of neurocireulatory asthenia. The basal metabolic rate was 
minus 6 per cent. 


H. F. (Adm. No. 458510), a 48-year-old married tailor, was admitted 
to the hospital Aug. 18, 1940, with the classical picture of Graves’ syn- 
drome. He first consulted one of us in March, 1934, at which time he 
complained of extreme nervousness, palpitation, sweating, fatigability, 
and aching precordial sensations, chiefly when under emotional stress. 
Two nervous breakdowns within the preceding five years induced pro- 
longed ineapacity. . Marked nervous instability had been present since 
early youth. His environmental adjustments had been uniformly poor. 
His mother died in an institution for the insane, and he constantly 
dreaded a similar fate. He had never been able to earn a satisfactory 
livelihood. For more than eight years, he and his wife lived in fur- 
nished rooms and ate in cheap restaurants. During his ‘‘slow’’ seasons 
his symptoms diminished, only to he aggravated when he was com- 
pelled to work hard. 

When first seen he presented a flushed facies, labile pulse rate, and 
hyperhidrosis; the examination was otherwise negative. The basal 
metabolic rate was minus 4 per cent. He was considered to be suffer- 
ing from neurocireulatory asthenia, and was treated with reassurance, 
encouragement, and sedatives, occasionally. Improvement was variable, 
but he responded, as a rule, to superficial psychotherapy. He was seen 
at frequent intervals in the following six vears, during which there was 
but little change in the clinical picture. Several basal metabolic read- 
ings were normal. 

About eight months preceding admission he sustained a severe nervous 
shock, which was soon followed by a distinct change in his symptoms. 
Nervousness and palpitation became constant, a poor appetite was re- 
placed by actual bulimia, he lost 15 pounds in weight, and intolerance 
to heat became pronounced. Substernal pain was induced by even mild 
exertion. On admission, he presented a distinct stare and lid-lag. The 
heart rate was 124 beats a minute. A plum-sized adenoma of the left 
lobe of the thyroid was continuous with a substernal extension, as re- 
vealed by roentgenogram. A harsh systolic murmur was audible at the 
apex. The basal metabolic rate was plus 32 per cent. With iodide 
therapy the rate fell to plus 10 per cent, and a subtotal thyroidectomy 
was performed. Histologic study of the resected gland disclosed a 
‘‘hyperplastie thyroid, as seen in Graves’ disease.’’ Improvement after 
operation was very rapid, with prompt disappearance of the hyperthy- 
roid symptoms. There has been no change, however, in the underlying 
neurocireulatory asthenia. 
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H. B. (Adm. No. 459771), a 40-vear-old retail shoe dealer, entered the 
hospital July 13, 1940, with the classical picture of Graves’ syndrome. 
He stated that he had been highly impressionable and sensitive since 
early childhood, rarely entered into the activities of his schoolmates, 
and was largely asocial. Shortly after his marriage, eight years before, 
nervousness and irritability became more pronounced. Attacks of emo- 
tional instability, accompanied by pounding of the heart, precordial 
oppression, and moderate dyspnea were precipitated by even minor 
conflicts or irritations; constipation was pronounced. He was studied 
by several physicians, but failed to find comfort in their negative 
examinations. Repeated basal metabolic readings were normal. In the 
preceding four years his complaints were persistent. In the last year, 
however, longstanding, stubborn constipation was replaced by a tend- 
enecy to frequent and loose evacuations. Three months prior to ad- 
mission to the hospital, he took over the added responsibilities of a 
larger business which necessitated gruetiing work and long hours. He 
then noted rapid weight loss, persistent palpitation and dyspnea on 
but slight exertion, increasing nervousness, and enlargement of the 
neck. Prominence of the eyes had been but recently noted. The basal 
metabolie rate was plus 54 per cent. 

On examination, he was hyperactive, with a distinet tremor of the 
fingers, a resting pulse rate of 110, a marked stare, and enlargement 
of the left lobe and isthmus of the thyroid. Aside from the tachy- 
cardia, cardiovascular studies were negative. Psychiatric investigation 
disclosed a frustrated, unhappy man, profoundly depressed by his in- 
security and illness. With iodide therapy and sedatives, the basal 
metabolie rate fell from plus 46 per cent to plus 18 per cent, and a sub- 
total thyroidectomy was performed. Histologic study of the resected 
gland revealed a ‘‘hyperplastie thyroid, as seen in Graves’ disease in 
the colloid phase.”’ 

He has been seen subsequently at frequent intervals. Although the 
basal metabolic readings have been consistently below normal (minus 
4 per cent to minus 10 per cent), and there are no residual signs of the 
Graves’ syndrome, the nervousness, palpitation, and dyspnea that he 
had experienced for many years preceding the onset of the disease 
have persisted without interruption. 


SUMMARY 

All evidences point to the psychosomatic nature of neurocirculatory 
asthenia. Neurocirculatory asthenia is by no means a disease incidental 
to war, and it is more common in women than men. Viewed from the 
dynamie and biologie aspects of Graves’ syndrome, the similarity be- 
tween neurocireulatory asthenia and the initial or larval phase of Graves’ 
syndrome is so close that we believe the two are identical. Transitions of 
neurocirculatory asthenia to Graves’ syndrome and the reverse are by 
no means uneommon. Eleven such instances are reported. 
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FURTHER OBSERVATIONS ON THE DEEP Q, OF THE 
ELECTROCARDIOGRAM 


ANNIE Mary Ly F.A.S., F.A.T.A. 
Newark, N. J. 


| geen several years ago, made a distinet contribution to clinical 
electrocardiography by directing attention to the deep Q,. The 
eriteria set up by him were as follows: 


1. Q, must be at least 25 per cent of the largest excursion of QRS 
in any lead. 

2. The record must not show right axis deviation. 

3. R, must be present and S, absent. 

4. QRS, must not be M- or W-shaped. 


The original observations were made on persons who had, or were 
suspected of having, organic heart disease, as were also the studies that 
shortly followed. Soon afterwards, however, clinicians everywhere began 
to find deep Q,’s in the electrocardiograms of many persons who had no 
other evidence of heart disease, and came gradually to the conclusions 
that a high position of the diaphragm is a more important factor than 
had at first been supposed, and that a deep Q,, is found in many eases in 
which. there is no heart disease. This led, naturally, to efforts to dis- 
tinguish between pathologie and positional deep Q.’s, which continue to 
the present time. 

Some clinicians consider a deep Q. unimportant if it diminishes or dis- 
appears on deep inspiration, on the theory that, if it is so changed by the 
descent of the diaphragm, it must be due to position. Others consider 
it pathologie despite this variation, believing that any deep Q, can be 
made to disappear if the heart, by a change in position, can be brought 
into the proper relation to the electrodes. 

Some clinicians place the chief emphasis on Qs. If Q, is small or 
absent, they feel that Q, is probably of no significance. If Q, is rela- 
tively large, they consider Q, pathologie. 

Another sign that has been used as a means of distinction is the tiny 
upward deflection, measuring 1 mm. or less, that sometimes precedes 
the downward deflection in Lead III. In the beginning, the weight of 
opinion seems to have been that a downward deflection that is preceded 
by a minimal upward deflection, either constantly or intermittently 
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throughout the record, is not a Q wave. Then, more and more observ- 
ers came to be of the opinion that an upward deflection in some com- 
plexes does not take the subsequent downward deflection out of the Q 
class, and they fixed upon the rule that, if more than half the com- 
plexes are without the initial upward deflection, the downward deflee- 
tion is still to be considered as a Q wave. Now, if one can judge from 
the illustrations in their latest books, some authorities ignore the up- 
ward deflection entirely, even if it oceurs in every complex, and eall all 
of the subsequent deflections Q waves. 


DIFFERENTIATION BY UNIPOLAR EXTREMITY LEADS 

More recently, Wilson has given us a new approach to this problem 
by the work he has done on unipolar extremity leads. 

These leads are made by using the central terminal developed by Wil- 
son and his associates as the distant electrode, and placing the exploring 
electrode on each of the three standard lead points, in turn—the right 
arm, the left arm, and the left leg. 

The advantage of unipolar leads is that the exploring electrode meas- 
ures potentials from zero, the potential of the central terminal. Conse- 
quently, a downward deflection, a Q or an S wave, means absolute nega- 
tivity of the exploring electrode, and an upward deflection, an R wave, 
means absolute positivity. In contrast, the standard leads are bipolar 
leads, made with two electrodes equally capable of receiving impulses, 
and measure the difference in potential between those electrodes, so that 
positivity and negativity are relative. In the standard leads, Q, R, and 
S are merely descriptive terms without reference to origins. 

The unipolar extremity leads combine to make up the standard leads, 


as follows: 
Lead [ Vi Vr 
Lead II — Vr — Vr 
Lead III — Vr — 


where minus means add the mirror image, that is, turn the curve, on 
the isoelectric line as an axis, through a 180° angle, and add. 

Wilson’s application of the unipolar extremity leads to the problem 
of the deep Q, rests upon the fact that the ventricular cavity is negative 
throughout systole. He has demonstrated this by experiments on dogs, 
in which he thrust a stab electrode, insulated except at its tip, through 
the ventricular wall and took leads from inside the cavity. The QRS 
complex obtained in this way is monophasic and negative. 

The negativity of the cavity may be seen in the normal electrocardio- 
gram in the QRS complex of Vp, because, as the heart lies in situ, the 
right arm is opposite the base and receives the cavity effects through the 
valvular orifices. The QRS complex consists of a large downward de- 
flection with, perhaps, a tiny upward deflection at the beginning or end 
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or both, representing a small positive disturbance from the sides. An 
infaret that involves the entire thickness of the ventricular wall pro- 
duces no electrical currents: it is equivalent to creating another orifice. 
The cavity effects come through this orifice to produce a downward de- 
flection, a Q wave early in systole. <A posterior infarct, since it is turned 
toward the foot, produces a Q wave in Vy. An anterior infaret produces 
a Q wave in Vy. 

Reference to the equations mentioned previously makes it clear why the 
Q wave in a case of posterior infarction shows in Leads IT and ITI, and 
in a ease of anterior infarction in Lead I. V;» enters positively into the 
equations for Leads II .and III, that is, without inversion, so that a Q 
wave in Vy remains a downward deflection, a Q wave, in Leads II and 
III. Vj, enters positively into Lead I, and its Q wave shows as a Q 
wave in Lead I, but it does not show in Lead III because Vy enters 
negatively into Lead III, and its Q wave becomes an upward deflection, 
an R wave, according to the descriptive terminology. 

By the same reasoning it is clear that an initial downward deflection 
in Lead III may result either from a downward deflection in V» or from 
an upward deflection in V;, turned upside down. Herein lies the con- 
fusion between the coronary deep Q, and the deep Q, that is due to 
position. The difference is illustrated in Figs. 1 and 2. 

In Fig. 1, the deep Q, comes from an inverted R wave in V,, and there 
is no Q wave of any significant magnitude in Vy. The subject was a 
man, 37 years old, who was considerably overweight (5 feet 8 inches, 
210 pounds). There was nothing in his history to suggest coronary 
occlusion. 

In Fig. 2, the deep Q, comes from a Q wave in Vy, augmented slightly 
by an inverted R wave in Vy. The subject was a man, 46 years old, who 
was not overweight (5 feet 8 inches, 163 pounds). On April 24, 1942, he 
had acute coronary occlusion, with classical symptoms. His electro- 
cardiograms have shown serial changes characteristic of posterior infare- 
tion, namely, marked elevation of the S-T segments in Leads II and III, 
with the development of large Q waves which were not present pre- 
viously; return of the S-T segments to the isoelectric level, with sharp 
inversion of the T waves in Leads II and III; and gradual return of the 
T waves toward normal, with persistence of the Q waves. The record 
shown in Fig. 2 was made Nov. 25, 1942. 

It is the purpose of this paper to re-examine the various criteria defin- 
ing and distinguishing the deep Q, from the viewpoint that Wilson has 
given us. We have not been able to gather enough cases to prove any- 
thing statistically, but we believe that the cases* shown illustrate certain 
fundamental principles. 


*All of these subjects are employees of The Prudential Insurance Company of 
America. 
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its disappearance can be seen to be the disappearance of the R wave in 
Vy; on deep inspiration. 

The deep Q, in Fig. 2 is, unquestionably, due to myocardial infaretion. 
There was the typical history, supported by the serial changes in the 
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electrocardiograms. There are absence of the deep Q, in previous electro- 
cardiograms and its presence in the record made when the pain was at 
its height. There is persistence of Q, after other electrocardiographic 
signs have largely disappeared, and there is the abnormally large Q 
wave in Vy. Deep inspiration produces a slight diminution of Q.,, which 
has the same mechanism as in Fig. 1, namely, lowering of the R wave 
in Vy. It will be noted that the Q wave in Vy shortens little, if any, 
and that Q, does not become smaller than Qr. 

It would seem, therefore, that the disappearance of a deep Q, on in- 
spiration does suggest a positional origin. It is difficult to see how 
sufficient rotation of the heart, in situ, could be produced by inspiration 
to turn the infaret away from the foot so that the Q wave would dis- 
appear in Vr. 

In some eases in which there are no Q waves in Vy and no history sug- 
gestive of infarction (that is, cases in which the deep Q, is presumably 
due to position), we have been unable to make Q, disappear or to lower 
R,, by inspiration, so that its failure to disappear is still an equivoeal 
observation. 

THE 25 PER CENT RATIO 

If the significant portion of Q, is that made by the Q wave in Vy, then 
it is evident that a coronary Q., may be less than 25 per cent of the 
maximum R wave, since Q» is often augmented by R,, to give Q, its total 
depth. It is necessary to establish new criteria by studying Vy in a 
sufficiently large number of cases to ascertain the normal limits of 
its Q wave. 

THE PRESENCE OF Q, 

Since V; enters positively into the formation of both Lead II and 
Lead III, the presence in Lead II of a Q wave of sufficient magnitude is 
usually evidence enough that the Q, is due to a Q wave of significant 
proportions in Vy, although Q, may be somewhat increased by an initial 
upward deflection in QRSz. A small Q wave in Lead II cannot, how- 
ever, be taken as evidence that the Q wave is small in Vp, for Vz enters 
negatively into Lead II, and if the beginning of the downstroke in Vx 
is synehronous with Qy it will cut down the Q wave in Lead II. 

This is well shown in Fig. 3, in which Q» is diminished in Lead II by 
an early downstroke in Vy and is augmented in Lead III by Ry. The 
subject was a man, 49 years old, who has complained of angina of effort 
since 1932. From the beginning, his electrocardiogram showed diphasic 
to inverted T waves, with slight depression of the S-T segment, in Lead 
I. On Sept. 26, 1941, he suffered an unusually severe attack of pain, 
lasting one hour, and, on Oct. 21, 1941, another, lasting two and one- 
half hours. After the second attack, his angina of effort was more pro- 
nounced and his electrocardiogram showed marked changes as compared 
with previous records. The T waves in Leads II and III and in all the 
precordial leads, which were formerly upright and of good voltage, were 
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now inverted, and large Q waves had appeared in Leads IT and III, in 
which Q, had measured 4 mm. before, and Q, had been negligible; the 
S-T and T abnormalities in Lead I remained as they had been. The 
record shown in Fig. 3 was made Jan. 8, 1943. The T-wave inversion 
in Leads II and III had receded, but the Q waves persisted, unchanged. 

To be certain how large the true Q wave is, it is necessary to make 
the unipolar extremity leads and not depend on the standard leads 
entirely. 


2/11/37 11/10/37 3/12/41 10/16/41 12/16/42 1/7/43 


Fig. 5. 


W-SHAPED COMPLEXES 
Fig. 4 shows a W-shaped QRS complex in Lead III; the first limb of 
the W is due to a Q wave in Vy. On inspiration, the second limb of the 
W disappears in Lead III, while the first limb remains. The Q wave in 
Vr persists on inspiration and the R wave in V;, diminishes, as it did in 
the cases previously described. 


The subject here was a man, 57 years old, who had a definite history 
of two coronary occlusions: the first, an anterior occlusion on Nov. 21, 
1936, and the second, a posterior occlusion on Jan. 2, 1941. It is in- 
structive to follow the changes that have taken place in the QRS com- 
plexes, as shown in Fig. 5. The Q wave in Lead III was first a slurring 
near the beginning of a large downward deflection, then a more definite 
notching, then the first limb of a W-complex. 
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THE PRESENCE OF R, 

Figs. 6 and 7 illustrate complexes of the QS type, with no R,, that 
harbor a Q wave derived from Vy. In Fig. 6, QRS» is monophasic and 
negative, with a notch on the descending limb that separates out into a 
clearly defined Q wave on deep inspiration. In Fig. 7, the QRS com- 
plex in Vy consists of a definite Q wave, followed by an R wave. This R 
wave is neutralized by the R wave in V,, so that it appears as a terminal 
notch in QRS,. Both of these subjects have, unquestionably, had coro- 
nary occlusion with typical clinical course and serial electrocardiographic 
changes. 

THE ABSENCE OF S, 

We have several cases in which a small S,, in a normal record taken 
before the occlusion, disappeared after the formation of a deep coronary 
Q,. We have one such case in which a mere vestige of 8. persisted for a 
short time after the formation of Q,, and then disappeared. We have 
no record showing an S, of any magnitude in the presence of a coro- 
nary Q,. 

RIGHT AXIS DEVIATION 

We have no record showing right axis deviation combined with a Q, 

which we believe to be coronary in origin. 


INITIAL UPWARD DEFLECTION 


A small upward deflection in Lead III, preceding the downward de- 
flection, might arise from a QRS complex in Vy consisting of a small R 
wave and a large S wave, or from a small (normal) Q wave in Vy. In 
neither of these patterns is there any suggestion of a coronary Q wave 
in Vy. It is conceivable that some combination of forms might produce 
a small upward deflection at the beginning of QRS in Lead III with a 
coronary Q wave in Vy, but we have not seen such a record. On the 
other hand, we have seen a number of records of the two types deseribed 
before. One such is shown in Fig. 8. The subject was a man, 49 years 
old, who was 40 pounds overweight; he had a negative history and no 
physieal signs except a slight elevation of blood pressure. 

Qr AND Qr AS DIAGNOSTIC SIGNS 

Q waves in Vy; and are, unfortunately, not specific for myocardial 
infarction. 

When the heart is vertical, the base presents about the same aspect 
to both arms, so that Vy, looks very much like Vp. If the small upward 
deflection that often precedes the main downward deflection is lacking, 
Vi may show a large Q wave that comes through the natural orifices at 
the base, and not from an infaret. This is well shown in Fig. 9. The 
subject was a man, 25 years old, who had rheumatie heart disease, but 
no history suggestive of infarction. 
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When the heart is horizontal, it is unlikely that the tilting would be 
sufficient to permit the negativity of the cavity to be transmitted through 
the natural orifices to the foot to form a Q wave, although this might 
oceasionally happen. What is more likely is that V» would take the QS 
form, for, when the heart is horizontal, it is written by the right ven- 
tricle and so looks like V, and V., and in these the initial deflection may 


be very small or absent. 


FREQUENCY BY COMPARISON 


It is a matter of observation that a deep Q, is much less common than 
a deep Q,. It is also known that Lead I is less subject to positional 
changes than Lead IIT. 

We have, in our employee file, six deep Q,’s, as compared with twenty- 
nine deep Q,’s. Of those with a deep Q,, ten have a large Q wave in Vr, 
and all of these have a definite history of acute occlusion. Unfortunately, 
only three with a deep Q, are available for unipolar extremity leads. Of 
these, two have a conspicuous Q wave in V;,, and both have had definite 
veclusions. (These figures do not reflect the comparative frequency of 
coronary and positional Q waves. It is our practice to require employees 
to report to the infirmary for examination after an absence of three days 
or more because of illness, and in this way we see all the patients with 
coronary occlusions that are able to return. <All other examinations are 
purely voluntary. If we took electroecardiograms on everyone in our 
employ, there would be many more deep Q,,’s due to position. ) 

A coronary Q, is shown in Fig. 10. The subject was a man, 36 years 
of age, who had an unmistakable coronary ocelusion at the age of 31 
years. The diagnosis was based on a typieal clinical course and con- 
firmed by characteristic serial changes in the electrocardiograms during 
the acute period. He has a definite Q wave, of unusual width, in Vy. 

Fig. 11 shows a Q, which, although contributed to by a small Q wave 
in Vz, is due mainly to an initial upward deflection of the QRS complex 
in Vp. The subject was a woman, 53 vears of age. She had complained 
of mild precordial pain and dyspnea for some months, but she had had 
no acute attack. Our observations on unipolar extremity leads are not 
extensive enough for us to say whether an R wave of this amplitude in 
Vr is abnormal or not, but the Q in Lead I is not the Q wave of 
infarction. 

It is interesting that the Q,’s in our file which satisfy the ‘‘infaretion 
test,’’ that is, those associated with Q,, are much less frequent than the 
Q).’s associated with Qy, although the anterior and posterior occlusions in 
this file are equally divided, i.e., sixteen anterior and sixteen posterior. 
A little reflection reveals why this may be so. The heart presents a 
broad posterior surface to the foot, so that any posterior infaretion 
that produces a Q wave will make the Q wave show in Vy, regardless 
of minor variations in its location. But an anterior infaret will not 
produce QRS changes in Lead I unless the central portion of the in- 
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Fig. 10. 
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fareted area is on the lateral or anterolateral aspect of the ventricle ; 
an anteroseptal infaret produces QRS changes, usually, in precordial 
leads from positions 2 and 3, although the marginal portions of the in- 
fareted area may extend far enough to the left to produce T-wave 
inversion in Lead I without QRS changes. 

In our experience, only a small proportion of the deep Q,’s are of 
coronary origin. 

SUMMARY 


Working on the theory that a Q wave in Lead III produced by infare- 
tion is due to a Q wave in Vy, the author has drawn the following 
tentative conclusions : 

1. The disappearance of Q, on deep inspiration is probably proof that 
it is positional, although failure to disappear is not incontrovertible 
proof of a coronary origin. 

2. The voltage of Q, is a fairly good index of the depth of the Q wave 
in Vy, but this is not absolutely dependable. 

3. A significantly deep Q, may be less than 25 per cent as large as the 
largest R wave. 

4. W-shaped QRS complexes in Lead IIT may contain a deep Q,. 

5. R. need not be present. 

6. A small, initial, upward deflection apparently takes the Q, out of 
the coronary class. 

7. A deep Q, that is due to infaretion is relatively rare. 


I wish to express my appreciation for the help given me by Dr, Frank N. Wilson, 
who read the manuscript and offered valuable suggestions. 
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THE PERIPHERAL BLOOD FLOW AND OTHER OBSERVATIONS 
IN COARCTATION OF THE AORTA 


Harovp J. Stewart, M.D., HELEN 8S. Haske, M.D., AND 
F. Evans, M.D. 
New York, N., Y. 

Pen RCTATION of the aorta is a congenital constriction of the aorta, 

usually in the region of the insertion of the ductus arteriosus. The 
degree of constriction varies from slight narrowing to complete atresia. 
The important diagnostic features are elevation of blood pressure in 
the arms, with the blood pressure in the legs low or unobtainable, and 
evidences of collateral circulation. Palpable and visible pulsations, 
with an accompanying bruit, over the intercostal arteries, and roent- 
genologice evidence of erosion of the lower rib margins are evidences of 
collateral circulation. The pulsations in the femoral, popliteal, and 
dorsalis pedis arteries are small or absent. 

There have been a few studies of the circulation in this congenital 
anomaly. In 1933, Lewis,’ using the plethysmographie method of 
Hewlett and Zwaluwenberg, found that the blood flow in the legs of 
patients with coarctation of the aorta was normal or slightly increased. 
Pickering,’ in a study of several types of hypertension, found that the 
blood flow in the arms was normal in coarctation of the aorta, and that 
there was a normal response to reactive hyperemia. Stewart and 
Bailey’s observations* showed that the cardiac output per minute was 
normal or increased in all except one of nine cases. The average 
minute volume output was 2.6 1./sq. m./min., compared to 2.2 1./sq. m./ 
min. for normal persons. Blumgart, Lawrence, and Ernstene* found 
normal arteriolar pressure in the arms, lowered oxygen saturation of 
the femoral arterial blood, a normal arteriovenous oxygen difference 
in the legs, and bleed plasma volume near the upper limit of normal, 
riedman, Selzer, and Rosenblum’ found that there was partial renal 
ischemia. This was compensated, however, by increased intraglomeru- 
lar pressure, which caused a normal rate of glomerular filtration. 
There have been attempts® * to relate the hypertension of coarctation 
of the aorta to the Goldblatt type of hypertension. 

In the present investigation, data have been compiled relating to the 
amount of blood allotted to the peripheral circulation in coarctation of 
the aorta. The peripheral blood flow was measured in twelve patients 
with coarctation and compared with similar measurements in twenty- 
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four normal male subjects.*. Skin temperatures at eleven locations on 
the body surface and rectal temperatures have been compared with the 
temperature of these areas in normal subjects. 


METHODS 


The peripheral blood flow was measured by a modification of the 
method of Hardy and Soderstrom,’ in which blood flow is expressed as a 
function of heat loss, surface area, average skin temperature. and rectal 
temperature. In order to use this method, certain data were required, 
namely, measurement of skin and of rectal temperature, oxygen con- 
sumption, and body weight and height. The oxygen consumption was 
measured with a Benedict-Roth apparatus,’® and surface area and basal 
metabolic rates were calculated from the tables of Dubois and Dubois" 
and the Boothby, Barkson, and Dunn normogram for age and sex.’ The 
skin temperature was measured with the improved Hardy-Soderstrom 
radiometer,'® and the rectal temperature with a single junction copper- 
constantan thermocouple. The locations of the eleven areas on the body 
surface at which readings of skin temperature were taken are shown in 
Fig. 1. The formulae for caleulation of peripheral blood flow from the 
above data have been presented in previous studies by Stewart and 
Evans" and Stewart and Jack.'® Three to seven sets of skin and rectal 
temperatures were made at ten- to twenty-five-minute intervals, from 
which average peripheral blood flows were calculated. Since heat storage 
was calculated on the basis of one hour, a suitable time factor’* provided 
for the variation in the time intervals. 


PLAN OF PROCEDURE 


All observations were made in the morning with the subjects under 
basal conditions, in a room in which the temperature was maintained con- 
stant within 0.5° C. All studies were made at 25° C., and, in Case 4, 
observations were also made at 26° C. The humidity of the room during 
observations relating to Cases 1, 3, 4, 5, 6, and 8 was kept at approxi- 
mately 40 per cent, and, in the others, was not estimated. Before obser- 
vations were begun, the subjects were kept at rest for an hour, for ad- 
justment to room temperature, and care was taken to prevent apprehen- 
sion or other emotional disturbance. 

The blood pressure in the right arm and the pulse rate were taken 
after each set of eleven skin temperature readings. After obtaining the 
last basal metabolie rate, the blood pressure was measured in all four 
extremities, after which an electrocardiogram was taken. A teleoroent- 
genogram of the heart was then taken for ealeulation of the cardio- 
thoracic ratio and to see whether there was erosion of the ribs. 

The arm-to-tongue circulation time was measured with decholin’® in 
four subjects, and the circulation time from arm to throat, perineum. 
and all four extremities with macasol'’ in five subjects. Carotid sinus 
time’® was used in three subjects. 


OBSERVATIONS 


Peripheral Blood Flow.—The peripheral blood flow in thirteen obser- 
vations on twelve subjects ranged from 14 to 129 ¢.c./sq. m./min.; the 
average for the group was 68 c.c./sq. m./min. (Table I, Fig. 1). The 
range was somewhat greater and the average higher than in the normal 
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subjects studied by Stewart and Evans," whose range at the same tem- 
perature was from 8 to 84 ¢.e./sq. m./min., and the average, 33 ¢.c./sq. 
m./min. (Table II, Fig. 1). 

Rectal Temperature.—The average of the rectal temperatures for sub- 
jects with coarctation was 37.33° C., 0.61° C. higher than for the normal 
group, in which it was 36.72° C. (Tables I and IT, Fig. 1). 

Average Skin Temperature.—The average of the weighted skin tem- 
peratures for the twelve subjects with coarctation was 33.63° C., com- 
pared to 32.82° C. for the normal group; in short, it was 0.81° C. 
higher. The trend:was similar to the rectal temperatures (Tables I 
and II, Fig. 1). 

Skin Temperature of the Eleven Body Areas.—Marked deviation from 
the normal occurred in the temperature of the eleven selected points 
on the body surface (Fig. 1). The readings at each point for the 
twelve subjects showed considerable variation from case to case, but 
the skin temperatures of corresponding locations on normal persons 
showed less spread. 

The average of the temperatures for each of the first nine points, 


| corresponding roughly to the upper part of the body, including the 


thighs, was much higher for the subjects with coarctation than for the 


_ normal subjects. The average of forehead temperatures in the coarcta- 
| tion patients was 34.64° C., compared to 33.92° C. for the normal; the 


subelavian area, 34.52° C., compared to 33.66° C.; under the left breast, 
34.47° C., compared to 33.44° C., right hypochondrium, 34.66° C., com- 
pared to 33.59° C.; left upper arm, 33.66° C., compared to 32.67° C.; 
left forearm, 33.57° C., compared to 32.45° C.; left hand, 33.98° C., com- 
pared to 33.59° C.; left upper thigh, 33.52° C., compared to 32.39° C.; 
right lower thigh, 32.74° C., compared to 32.11° C. For the other two 
points the difference was tess; the left leg was 32.35° C. in coarctation, 
compared to 32.22° C., and the dorsum of the left foot, 31.36° C., eom- 
pared to 30.91° C. (Tables I and II, Fig. 1). 

The three points, therefore, where the temperature difference be- 
tween the two groups was least were the left hand, left leg, and dorsum 
of the left foot, with differences of 0.39° C., 0.13° C., and 0.45° C., 
respectively. At the last point measured, there was a wide range of 
variation in the coarctation as well as normal group; the range was 
from 27.6° C. to 35.4° C. in the former, and 27.1° C. to 33.9° C. in the 
latter. 

Basal Metabolic Rate-——The basal metabolic rate in the subjects of 
this investigation varied from —21 per cent to +13 per cent, with an 
average of -6 per cent (Table I). The average was not significantly 
different from that of -3 per cent in the group of the twenty-four nor- 
mal persons whose range was —19 per cent to +31 per cent. 

Circulation Time.—Cireulation time was measured with macasol in 
seven subjects. In Case 2, a child of 11 years, the circulation time to 
the tongue, perineum, right hand, and both feet was, perhaps, slightly 
decreased below the average for a child his age, and an end point was 
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not obtained in the perineum and left hand (Fig. 2). In Case 5, a boy 
of 15 years, end points were obtained at all areas, and the decreases 
below the average figure were approximately of the same magnitude 
as in Case 2. In Case 12, the circulation time was considerably below 
the average value; an end point was not detected in the left hand. In 


SECONDS HANDS PEET 
THROAT PERINEUM RIGHT LEFT. RIGHT LEFT 


LJ 
= 
O 
@ @ 
a 
O a 
a ae 
2 © 
20 aa ¥ Oo 
o a 
® 
10+. 
& 
® Oo 
O HB @ cB 
@IL 
©RZ OHK 
O AC? 
TK 
amumume AVERAGE NORMAL VALVE FOR MACASOL 
* DECHOLIN 
Fig. 2.—In this figure are recorded circulation times of subjects with coarctation 


of the aorta. In those marked with an asterisk, decholin was used as the testing sub- 
stance; in all others macasol was used. The horizontal lines show the average values 
for normal persons. 
Case 9, the circulation times were very close to the average normal 
figure, and, in Cases 6, 10, and 11, it was moderately prolonged ; in the 
latter case, end points were not elicited in the feet. 

In the three cases in which decholin was used as the test substanee. 
the cireulation time was prolonged slightly above the average in one 
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(Case 3), decreased below the average in one (Case 4), and, in one 
(Case 7), it was within normal limits. In two patients (Cases 4 and 6), 
the CO, time (lung to carotid sinus) was decreased, and, in one (Case 
3), it was prolonged. 

Klectrocardiograms were taken in all 


Electrocardiographic Changes. 
but Case 5. Of the nine subjects still living who had electrocardio- 
grams, three had essentially normal electrocardiograms without axis 
deviation (Cases 2, 6, and 12), one (Case 11) had right axis deviation 
with a diphasie T., T,, and T,, and five had left axis deviation (Cases 
4,7, 8, 9, and 10), together with negativity of the T waves in Lead III 
(Table IL). 

Both of the patients who died (Cases 1 and 3) had left axis devia- 
tion; in Case 1 there were negativity and coving of the T waves in all 
leads, and, in Case 3, there were negativity and slight coving of the T 
waves in Lead I, and, later, negativity of the T waves in Lead II, 
as well. In short, these patients differed from those still living in that 
they had changes in the T waves in Lead I, whereas those surviving 
had alterations in Lead III. In these two eases, post-mortem exami- 
nation revealed moderate atherosclerosis of the coronary vessels. In 
Case 1, there was evidence in microscopic sections of progressive de- 
generation of the heart muscle, with diffuse atrophy of the fibers and 
vacuolization, presumably edema, in some areas, and moderately ad- 
vaneed fibrosis in other areas. In Case 3, there were focal areas of 
diffuse myocardial fibrosis, with more extensive scarring; yellow pig- 
ment, probably hemosiderin, was present, no doubt indicating pre- 
existing hemorrhage at these sites.* 

Cardiac Size.—Teleoroentgenograms were available for measurement 
in all but Cases 1 and 5. An inerease in the cardiothoracic ratio, indi- 
cating eardiae enlargement, was present in only two subjects (Cases 
7 and 8) (Table IIT), but was demonstrated at autopsy in Cases 1 and 3. 
In this group, there was apparently no common factor, such as age or 
level of blood pressure, to correlate with the enlargement. 

Evidence of Collateral Circulation —One or more signs of collateral 
circulation were present in all except Case 10 (Table III). These were 
not sought in Case 1, in which the constriction was minimal and the 
diagnosis of coarctation was made at autopsy. Intercostal pulsations, 
a bruit over the intercostal arteries, and scalloping of the rib margins 
in the roentgenograms were present in Cases 2, 4, 6, 7, 8, 9, 11, and 12; 
pulsations without a bruit, but with scalloping, were evident in Case 3, 
and none of these signs were detected in Case 10. 


DISCUSSION 


These studies show that the average peripheral blood flow is greater 
in coarctation of the aorta than in normal persons; that is td say, the 
average amount of. blood allotted to the body surface from the total 


*We wish to thank Dr. Jacob Furth, of the Department of Pathology, Cornell Uni- 
versity Medical College, for reviewing the sections from these two patients. 


2?6 AMERICAN HEART JOURNAL 


TABLE 


SUMMARY OF THE CLINICAL DATA OF TWELVE 


AGE AT | SYMPTOMS BLOOD 
DURA- | WHICH 
TION DIAG- | | 
NAME, AGE = | | | 
symp- WAS DYSP-| EDE- | FA- | | COR- | | HEAD-| RIGHT | LEFT 
— TOMS MADE NEA | MA |TIGUE|,o.5| DIAL | aon | ACHE| ARM ARM 
(YEARS ) ~~ | PAIN 
{6 at + | 0 | + | | +  |255/160|240/160 
48 autopsy 
| 
2. H. D. 11 | + | O 0 | 0 0 0 | iT) 140/70 |140/60 
11 
3. H.K.t} 1 yr. 64 | + | 0 “| + | 0 | 0 | 0 0 |172/90 |170/90 
64 } | 
| | 
| | | | | 
| | | 
4.3.G. |3 wk. 45 o |o lo fo o |150/80 |150/80 
15 3 | | 1150/60 |140/70 
5. J.K. |160/110)164/114 
6. 3.1L. 3 yr. vo & te 0 | + |160/86 |144/80 
7. R.Z. | 27 | 0 | o | | O | 0 |180/116)198/116 
30 | 
} | | | | 
8. F. E. 37 oO | | | O 0 | 0 
9. A.C. 8 yr. 17 | + 0 | oO | + | 0 + | O {174/98 |160/112 
20 8 
| 
10. A.C ’ 3 38 0 | 0 | 0 | + | + 0 | O 1170/1 10/162/92 
11.C.B. |13yr. | 34 0 + 0 | 0 190/110 
12. H.B. | 1 yr. 21 | + | 0 0 | | {162/92 |156/94 
21g | | | | | 


*Dissecting aneurysm of arch of the aorta, aortic insufficiency and aortic stenosis, only 
mild arteriosclerosis of coronary arteries, slight constriction of aorta just below origin of left 
subclavian. Heart weight = 470 grams. Hypertrophy and dilatation of heart. 

*Coarctation in region of entrance* of ductus arteriosus, moderate arteriosclerosis of 
coronary arteries. Dilatation of innominate, left carotid, left subclavian, internal mammary, 
intercostal, and epigastric arteries, and costocervical trunk. Heart weight = 600 grams. 
Hypertrophy and dilatation of heart. Carcinoma of larynx, with metastases and terminal B. 
hemolytic streptococcus septicemia. 

¢L.A.D. = Left axis deviation. 

§R.A.D. = Right axis deviation. 

[X-ray not available for examination. 

"Not examined for this. 


cardiac output is increased. The range from one case to the other was 
also somewhat greater than in normal subjects. There was overlapping 
in the normal and coarctation values, which was not unexpected, for, 


Ill 
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EVIDENCE OF 
PRESSURE PULSATIONS IN ARTERIES COLLATERAL 
CIRCULATION | car- | 
S 
INTER- SCAL- | DIO- 
S- OP- 10- ‘ sLECTRO- 
pop- | por- | LOP- | | suFFI-| MUR- 
RIGHT | LEFT | FEM- ,| TAL |ING OF| RACIC |" CARDIOGRAM 
LEG tec | | | SAMS) | BRUIT! pips | ratio | | MUR 
EAL | PEDIS cy 
SA- IN 
TIONS X-RAY 
290/200|pres- |pres- |pres- 7 7 + |L.A.D.,t nega- 
ent ent ent tivity and cov 
ing of T waves 
x in all leads 
90/80 | 95/90 |faint |ab- ab- te + sp 0.44 + + Essentially nor- 
sent | sent mal. Marked 
sinus irregu- 
larity. T; 
115/110)100 ab- ab- ab- 4 0 + 0.46 0 0 L.A.D. T, first — 
sent | sent | sent slightly coved 
and then T, 
and , became 
negative 
95/85 | 90/80 |small jab- ab- + + + 0.40 0 + L.A.D. Sinus 
90/80 |100/80 sent | sent irregularity. 
_T; diphasie 
not ob- |not ob- 
tained| tained 
110/80 |108/80 |small jab- small + + + 0.45 0 + | Essentially nor- 
sent mal 
not ob- |112/110\ab- ab- ab- + + + 0.53 0 + L.A.D. T, neg- 
tained sent | sent | sent tive in some 
and upright in 
others 
|ab- ab- + + 0.54 0 + L.A.D. T; 
sent | sent diphasie 
130/110}120/110}small |ab- ab- + 0.44 0 + |L.A.D. Sinus 
sent | sent irregularity. 
T, negative 
and coved 
not ob- | 98/70 |small jab- |ab- 0 0 0 | 051] + |LA.D. 
tained sent | sent and , diphasic 
138/110|116/98 {small |ab- small + + + 0.43 0 + Ti >, 
sent and , diphasie 
125/100/125/90 |small |small |small + + + 0.41 0 +  |Kssentially nor- 
| mal 


in normal subjects, variations are known to occur from day to day in 
the same subject under the same environmental conditions.® There- 
fore, even though in individual instances of coarctation the peripheral 
blood flow may be lower than in certain normal persons, the average 
for the group is greater than the average for the normal group. 

The increase in blood flow to the periphery was paralleled by an in- 
crease in internal body temperature; the average rectal temperature 
was 0.61° C. higher than in normal subjects. Furthermore, in only five 
of the twenty-four normal subjects was the rectal temperature as high 
as the lowest temperatures recorded in subjects with coarctation, 
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When peripheral blood flows were plotted against rectal temperatures, 
it was seen that the increase in the coarctation group was not due to 
the increased internal temperature. The average of the weighted skin 
temperatures showed the same trend as the rectal temperatures, namely, 
higher than in normal subjects. The increase in blood flow to the 
periphery accounts for the rise in the average skin temperatures of 
these patients. The averages for each of the eleven areas from which 
temperatures were derived were greater in the coarctation group than 
in the normal subjects. The deviation from normal values was less in 
the hands, the lower part of the leg, and the foot. 

The cardiac output per minute in coarctation of the aorta is, in most 
instances, increased,* so that there is available the increased amount of 
blood which is allotted to the periphery of the body. The peripheral 
blood flow method which was used measures the average amount of 
blood allotted to the periphery of the whole body; the amount allotted 
to the upper part of the body may be increased and that to the lower 
part may be diminished in some cases, and yet the average for the 
whole body may be greater than normal. Lewis,' however, found that 
the amount of blood allotted to the legs was normal or slightly in- 
creased; moreover, the increased local temperature of these parts in 
the cases now being reported was additional evidence that the cireu- 
lation was not impaired. Friedman, Selzer, and Rosenblum’ found 
decreased renal blood flow in cases of coarctation. This observation 
was based upon the reduction in diodrast clearance, which apparently 
did not interfere with renal funetion, for the rate of glomerular filtra- 
tion (measured by inulin clearance) was normal. Studies are not 
available concerning blood flow to other portions of the body of persons 
with this congenital defect. 

The circulation time was prolonged in some subjects, decreased in 
others, and normal in others. The prolongation of the circulation time 
is probably indicative of the devious route by which the blood reached 
the various parts of the body by way of the collateral arterial chan- 
nels in these subjects. Those whose circulation time was shortened 
may have been those whose cardiae output was sufficiently increased 
to overcome the increase in vascular bed. Two subjects whose cirecula- 
tion time was shortened were young people, in whom the velocity of 
blood flow may be normally shorter and the cardiac output greater 
than in adults.'® Moreover, if their cardiae output was still greater 
than would be expected in normal youths, this would have been added 
reason for the shortened circulation time. 

Certain observers?’-*? have found that the basal metabolic rate may 
be elevated in coarctation of the aorta. It is reealled that hypertension 
in the arms may be a manifestation of this defect. Boothby and Sandi- 
ford®® found that the basal metabolic rate was over +10 per cent in 30 
per cent of ninety-five cases of essential hypertension. The elevated 
basal metabolic rate in coarctation has been attributed by Grollman 
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and Ferrigan?® to an increase in the cireulation through the thyroid 
gland. In the observations now being reported, the oxygen consump- 
tion was normal, and the scatter of values was approximately the same 
as in a series of normal persons who were subjected to similar observa- 
tions. Therefore, the increase in blood allotted to the periphery can- 
not be attributed to this factor. In fact, observations in pheochromocy- 
toma** have shown that the peripheral blood flow is decreased, although 
the basal metabolic rate is increased. Moreover, although the body 
temperature was increased in the cases of coarctation, there was no rise 
in the basal metabolic rate. 

Left axis deviation was the most common electrocardiographie ab- 
normality; it occurred in seven cases. It probably arose from the in- 
creased work® placed upon the heart by the obstruction to the passage 
of blood through the aorta. Negativity of the T wave in Lead III, with 
or without coving, occurred in eight cases, i.e., with approximately the 
same frequency as left axis deviation. These T-wave changes were not 
those which are to be expected with left ventricular strain, which may 
be associated with alterations in the T waves in Lead I. Three subjects 
with a tendency to the lowest arm blood pressures had essentially nor- 
mal electrocardiograms. As far as could be ascertained clinically, 
there were no other congenital defects in the one patient with right 
axis deviation to account for the divergence from the most common 
pattern. 

Two patients of this series died, one of dissecting aneurysm of the 
arch of the aorta (Case 1), and the other (Case 3) of carcinomatosis, 
the primary location of which was in the larynx. Both of these patients 
showed negativity and coving of the T waves in Leads I and II, to- 
gether with left axis deviation. Stewart and Bailey* found that altera- 
tions of the T waves with eardiae enlargement indicated a poor prog- 
nosis. It appears from the present analysis that the occurrence of 
changes in the T waves in Lead I, together with cardiac enlargement, 
is of grave prognostic importance, for the patients with changes in the 
T waves in Lead III alone, or with Lead II, are still living. 

In all subjects except Case 1, who had only minimal constriction, the 
blood pressure in the arms was considerably higher than in the lower 
extremities (Fig. 3). The highest reading in the right arm was 200/110, 
and the lowest, 140/70, with comparable values in the left arm, al- 
though the latter measurement was slightly lower in the left arm in 
Cases 9 and 10. In Cases 3 and 5, the blood pressure could not be 
obtained in the lower extremities, and, in Cases 7 and 10, was obtained 
only in the left leg. In all cases, there was a small pulse pressure in 
the legs and a large one in the arms. The cause of the elevation of 
blood pressure in the arms and its decrease in the legs has been the 
subject of study. Mechanical obstruction to the flow of blood through 
the aorta has been suggested as the explanation." *?° Another point of 
view attributes it to a general increase in peripheral resistance.?°-*5 


} 
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The effect upon blood pressure of constricting the aorta, experimen- 
tally,” ** °° has been observed. The opinion has been expressed that a 
pressor substance liberated by the kidneys, when their blood supply is 
reduced below a certain level, is responsible for this phenomenon, thereby 
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bringing the cause of the hypertension in coarctation of the aorta into 
the framework of the Goldblatt kidney.” Castleman and Smithwick,*' 


however, from a microscopic study of renal biopsies in 100 eases of 


essential hypertension in which splanchnicotomy was performed, came 
to the conclusion that evidence of renal vascular disease was insufficient 
to be the sole factor in the production of hypertension. 
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SUMMARY 


1. Using a modification of the Hardy-Soderstrom method, the pe- 
ripheral blood flow was measured in twelve cases of coarctation of 
the aorta; included in the data necessary for the calculations were 
measurements of basal metabolic rate and of rectal and skin tempera- 
tures. Measurements of skin temperature were made from 11 points on 
the body surface. In addition, circulation time was measured in ten 
subjects, electrocardiographie studies were made in eleven, and the size 
of the heart was estimated by means of teleoroentgenograms in ten. 

2. The range of peripheral blood flow was from 14 to 129 ¢.¢./sq. m./ 
min., and the average was 68 ¢.c./sq. m./min. The range was greater 
and the average for the group was higher than in normal males, whose 
range was 8 to 84 ¢.¢./sq. m./min., and the average, 33 ¢.c./sq. m./min. 
A larger volume of the cardiac output is allotted, therefore, to the periph- 
ery in these subjects than in normal persons. It is likely that an ade- 
quate blood supply was maintained in other parts of the body, for 
Stewart and Bailey* have shown that the eardiae output is increased in 
this condition. 

3. The average of the weighted skin temperatures in the subjects 
studied was 33.63° C., that is to say, 0.81° C. higher than the value of 
32.82° C. which was found in normal males. In general, the widest 
divergence from normal of temperatures for different areas was obtained 
in the upper half of the body. The increase in blood flow to the periph- 
ery accounts for the elevated skin temperature of these subjects. 

4. The average rectal temperature was 37.33° C., compared to 36.72 
(. for the normal group, that is to say, 0.61° C. higher. 

5. Basal metabolic rates, when compared with the control group, fell 
within normal limits. The increased peripheral blood flow was not to be 
attributed to alterations in basal metabolic rate. 

6. Cireulation time was prolonged in some, normal in a few, and de- 
creased in others. These observations are discussed. 

7. The size of the heart, according to the cardiothoracic ratio, was 
greater than normal in only two of the patients who are still living. 

8. The most common electrocardiographic abnormalities were left axis 
deviation and negativity and coving of the T waves in Lead III; these 
occurred in seven and eight eases, respectively. Two patients who showed 
coving in Leads I and II died. The others are still living. Three had 
essentially normal electrocardiograms, and one had right axis deviation. 

9. Other clinical manifestations are summarized in Table IIT. 
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DIFFERENTIATION OF THE ELECTROCARDIOGRAPHIC 
CHANGES PRODUCED IN THE DOG BY PROLONGED 
TEMPORARY OCCLUSION OF A CORONARY 
ARTERY FROM THOSE PRODUCED BY 
POSTOPERATIVE PERICARDITIS 


Ropert H. Bayury, M.D., JOHN 8S, LA Dur, M.D. 
New ORLEANS, La. 


N A study of postoperative pericarditis in dogs,’ it was observed that 
RS-T junction displacements and primary T-wave changes regularly 
appeared seven hours after operation. The RS-T junction displace- 
ments reached a maximum about forty-eight hours after operation, and 
all electrocardiographie changes disappeared in five to nine days. 
Other studies? ** on brief, temporary, coronary occlusion in the dog 
show that the electrocardiographie changes produced by occlusions of 
thirty to ninety seconds appear at once with the onset of occlusion, and 
vanish Within a minute or less after cessation of occlusion. 

4 cannot “be emphasized too strongly that, in local ventricular peri- 
carditis and in loeal ventricular ischemia and injury, the electrocardio- 
graphie changes are identical.” ° Moreover, the magnitude of the as- 
so¢iated RS-T junction displacements in any lead from the body sur- 
faecé cannot be safely used for etiological differentiation. The magni- 
tude of the injury displacement is independent of the depth of injury 
and, among other things, is directly proportional to the area cireum- 
seribed by the surface boundary of the injured region.’ 

It is the purpose of this report to describe several experiments which 
were devised to test the interpretation offexed by others*'’ concerning 
the ‘‘prolonged”’ electrocardiographie changes associated with experi- 
mental, temporary occlusion of a coronary artery. 

EXPERIMENT 1 

Dog 1.—The anterolateral aspect of the pericardial sac was exposed 
in the usual way,” and the coronary artery was dissected and temporarily 
occluded for forty-two minutes. The electrocardiograms shown in Fig. 1 
were obtained. The top curve in each row is a unipolar lead which was 
recorded with the exploring electrode on the pericardial sac, superjacent 
to the terminals of the dissected artery. The indifferent electrode was 
on the left foreleg. The bottom curve of each row is Lead I, which 
was recorded simultaneously by means of a two-string galvanometer 
of the Kinthoven type. 
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Control 1 was recorded before opening the chest. Here, the exploring 
electrode was in the subcutaneous tissue superjacent to the apex impulse 
of the left ventricle. Control 2 was recorded after opening the chest 
and before arterial dissection. The exploring electrode was on the peri- 
cardial sac, superjacent to the terminals of the yet undissected artery. 
The remainder of the strips are in the order recorded, and read from 
left to right, and from above down. The arrows over the top row indi- 
cate, respectively, the instant at which occlusion started, the instant at 
which the ligature was released, and the instant at which the artery ap- 
peared to be fully reopened. The dashed and double-dashed numbers 
over the strips indicate, respectively, the time in minutes and the time in 
seconds. In the unipolar lead the ischemia phase* is well developed 
eleven seconds after the commencement of occlusion. The injury phase* 
continues, although diminishing somewhat, throughout occlusion. The 
potassium (?) T effeet of injury’ is most pronounced in the eleven- 
minute strip. A small Q appears in the twenty-one minute strip and 


Fig. 1.—The effects produced by a forty-two minute occlusion. The top curve of 
each row is a unipolar lead recorded with the exploring electrode on the pericardial 
sac superjacent to the terminals of the dissected artery. Ten minutes after cessation 
of occlusion, the RS-T junction displacement in Lead I has vanished. The unipolar 
lead, recorded simultaneously shows a concurrent, subtotal reversion. The time lines 
are 0.1 second apart. Standardization is one-sixth normal and normal in the unipolar 
lend and in Lead I, respectively. See text. 


continues to grow in amplitude in all subsequent strips. The temporary 
changes are like, in kind, in both leads, but are much more prominent 
in the unipolar lead. No QRS changes appear in Lead I which are com- 
parable to the striking development of Q in the unipolar lead. 

Partial reversion of the final ventricular deflections is present thirty- 
one seconds after cessation of occlusion. In the long strip, taken ten 
minutes after cessation of occlusion, reversion of the final ventricular 
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deflections of the unipolar lead is almost complete. The sketch on the 
left of the ten-minute strip is included for clarity. No definite reversion 
of the QRS change is present. In contrast to the unipolar lead changes, 
are the RS-T junction displacements in Lead I, which have vanished in 
less than ten minutes after cessation of occlusion. Here, complete re- 
version of the final ventricular deflections into the isehemia phase has 
taken place. The experiment was concluded, unwittingly, at. this time 
because the movements of the galvanometer strings were judged to indi- 
cate complete reversion of the final ventricular deflections in both leads. 


control control 


Fig. 2.—The effects produced by a thirty-minute occlusion and by local postopera- 
tive pericarditis. All changes due to the occlusion vanish within sixteen minutes afcer 
the occlusion ends (g through k). The effects of postoperative pericarditis are strik- 
ing on the second postoperative day /. Concurrently, leads from the region previously 
involved by the occlusion show no abnormal changes (i through p). The time lines 
are 0.1 second apart. Standardization is one-sixth normal and normal in the unipolar 
lead and in Lead I, respectively. See text. 


EXPERIMENT 2 
Doc 2.—Using sterile technique, the anterolateral aspect of the peri- 
cardial sae was exposed and opened with a 2 em. incision in the usual 
manner.” The anterior descending branch of the left coronary artery 
was dissected and occluded for thirty minutes. After a series of record- 
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ings the chest was closed. Forty-eight hours later the chest was reopened 
and additional recordings were made, after which the animal was saeri- 
ficeed. The results are shown in Fig. 2. The order of recording reads 
from left to right and from above down. Each strip is composed of two 
leads recorded simultaneously. The top curve in strips @ through k was 
taken with a unipolar lead in which the exploring electrode was on the 
pericardial sae superjacent to the terminals of the dissected artery (2.5 
em, from the incision in the pericardial sae in the direction of the apex 
of the left ventricle). The bottom curve is Lead I in strips a through /. 
Strips «@ and b were recorded before and after arteria! dissection, respec- 
tively. Ocelusion commenced in the interval between strips 6 and ec. 
The latter strip shows the transition phase from ischemia into injury.‘ 
The dashed numbers over strips d, e, and f indicate the time in minutes 
after oeclusion started. The dashed numbers over strips g through hk 
indicate the time of recording after occlusion ended. After taking strip 
k the chest was closed. Clearly, the form of the unipolar lead reverts to 
that of the predissection control within sixteen minutes after the thirty- 
minute occlusion ends. The RS-T junction displacement almost vanishes 
within six minutes, 7, and completely vanishes within ten minutes, 7. No 
significant QRS changes appeared, either during or after the thirty- 
minute occlusion. The unreliable changes which developed concurrently 
in Lead I are noteworthy. 

Strips / through p were recorded after the chest was reopened on the 
second postoperative day. When recording strip /, the exploring elee- 
trode rested upon the sutures in the pericardial sac superjacent to the 
site of arterial dissection. A striking RS-T junction displacement is 
present. Lead I likewise shows an RS-T junction displacement which, 
however, is small by comparison. Before recording strip m the ex- 
ploring electrode had been moved 1 em. away from the sutures in the 
direction of the apex of the left ventricle, and before recording strips 
nm and o the electrode had been moved 2 and 3 em., respectively, away 
from the sutured region toward the apex. At the latter site the peri- 
cardial sae was opened, and strip p was recorded from the heart’s 
surface. 

It is emphasized that strip 7 was recorded forty-eight hours after the 
effects produced by occlusion had vanished, and at the approximate 
time when the RS-T junction displacements due to local postoperative 
pericarditis are known' to be maximal. Moreover, the local character 
of the injury effect, confined as it is to that region of the heart’s 
surface at the site of operation on the heart and pericardium, leaves 
little or no doubt concerning the interpretation that the effects are 
due to operative injury of the subepicardial muscle, rather than to any 
delayed, recurrent effect of occlusion. Finally, strips through p were 
recorded with the exploring electrode superjacent to the terminals of 
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the previously occluded artery, as was the case for the top curve in 
strips a through k. The former strips are conspicuous, in that they 
display no RS-T junction displacements whatsoever. 

Post-mortem examination revealed a zone of adherent pericarditis, 
1.5 to 2 em. in diameter, at the site of the three sutures which were 
used to close the pericardium. The remainder of the ventricular sur- 
face was smooth and free. ITlowever, the anterolateral aspect of the 
left ventricle displayed a delicate, milky, epicardial reaction. 


Fig. 3.—Curves from a control experiment showing the effects of local postoperative 
pericarditis (g, h, and j) as they appear on the second postoperative day. The time 
lines are 0.1 second apart. Standardization is normal in Leads I and II, and one-sixth 
normal in the unipolar lead. See text. 


The general similarity of the final ventricular deflections of the uni- 
polar leads in the early part of strip ¢ and in strips 7 and / is notable. 
Is the electrocardiographie evolution of pericarditis similar to that of 
a region of myocardium which is temporarily robbed of its blood sup- 
ply, similar to the extent that the injury effect in pericarditis is like- 
wise preceded, as well as followed, by primary T-wave changes? Our 
clinical observations and experiments have not answered this question. 
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EXPERIMENT 3 

Doc 3.—Using sterile precautions, a general procedure was carried 
out which was similar to that used with Dog 2. In the present instance, 
however, the pericardial sae was merely opened for thirty minutes and 
then closed with three sutures. The heart surface was not disturbed 
at the time of operation. Forty-eight hours later the chest was re- 
opened and unipolar leads were recorded with the exploring electrode 
on, and in the neighborhood of, the sutured region of the pericardial 
sac. The results serve as a control, and are shown in Fig. 3. The 
enlarged sketches a, b, and c show, respectively, the appearance of 
Leads | and Il and the semiunipolar lead taken with the exploring 
electrode in the subcuianeous tissue superjacent to the apex impulse 
of the left ventricle. Strips a, b, and ¢ were recorded before, and strips 
d, e, and f were recorded after, opening the chest. For strip f the ex- 
ploring electrode was on the pericardial sae at the site of subsequent 
incision (anterior to the tip of the left auricular appendage). The 
remainder of the strips in Fig. 3 were reeorded after reopening the 
chest on the second postoperative day. The top curve in strips g and 
h was recorded with the exploring electrode on the sutured region of 
the pericardial sac. Here, the resemblance to strip / of Fig. 2 is strik- 
ing. The bottom curves in strips g and h of Fig. 3 are Leads I and II, 
respectively, whieh were recorded simultaneously with the unipolar lead. 
Strips 7, j, and k& are unipolar leads taken with the exploring electrode 
in the neighborhood of the sutured region. When recording strip 7 the 
electrode was 2 em. away from the sutured region in the direction of 
the ventricular apex. When recording strip j the electrode was 2 em. 
inferior to the sutured region at the lateral margin of the left ventricle. 
A small RS-T junction displacement, ascribed to injury, is present. 
When recording strip * the electrode was on the heart’s surface at the 
extreme apex of the left ventricle. The RS-T junction displacements 
shown in strips 7 and *& are not ascribed to injury. They are due to 
effective early regression.” 

Post-mortem examination revealed no pericardial adhesions. The 
epicardial surface showed a milky thickening confined to the region of 
the g, h, and j recordings. The epicarditis was most marked beneath the 
sutured region. 

EXPERIMENT 4 

Dog 4.—Using sterile precautions, a second control procedure was 
‘arried out in a manner identical to that used in Experiment 3, except 
that the incision in the pericardial sae was closed immediately. Forty- 
eight hours after operation the chest was reopened and the heart’s 
surface was explored with the unipolar lead. The strips shown in the 
bottom row of Fig. 4 were obtained. Strips a and b are Leads I and II, 
respectively. Strip c¢ was recorded with the exploring electrode on the 
zone of epicarditis produeed by the superjacent operative procedure on 
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the pericardial sac. A rather striking RS-T junction displacement, due 
to injury, is present. Strip d was recorded with the exploring electrode 
on the heart’s surface in the immediate neighborhood of the local 
epicarditis. No RS-T junction displacement is present. The abnormal 
form of the curve in strip ¢ is due to a local postoperative pericarditis. 
Nevertheless, the curves in strips a and ¢ present the same kind of 
changes which are observed in anterolateral infarction. 


EXPERIMENT 5 

Dog 5.—Using sterile precautions, a forty-five-minute complete oe- 
clusion of the anterior descending branch of the left coronary artery 
was produced in the usual way.* Upon release of the occlusion, ven- 
tricular fibrillation immediately developed and the animal died. The 
electrocardiograms which are shown in the fop four rows of Fig. 4 
were obtained before and during the occlusion. The form of the curves 
in strips f and A illustrates the two danger periods which are encoun- 
tered in experiments on temporary occlusion. The first period occupies 
the initial ten minutes after the onset of occlusion, whereas the second 
period oceurs with the release of the occluding ligature. 


EXPERIMENT 6 


Doc 6.—Using sterile precautions, the anterolateral aspect of the 
left ventricle was exposed in the usual way. A zone of epicardium 
1 em. in diameter was removed. The pericardial incision was then 
closed with three sutures. Electrocardiograms which were recorded 
before and during operation are shown within the inset in Fig. 5. The 
strips in column a were recorded before operation. When taking a, the 
exploring electrode was in the subeutaneous tissue superjacent to the 
anterolateral aspect of the left ventricle. The strips in column b’ were 
recorded after opening the chest. When recording strip b, the explor- 
ing electrode was on the anterolateral aspect of the pericardial sae. The 
strips in columns c’ and d’ were recorded immediately after closure of 
the pericardial sac. When strip c, was recorded the exploring electrode 
was superjacent to the region denuded of epicardium (which did not 
lie directly beneath the wound in the pericardial sac). A large RS-T 
junction displacement, ascribed to subepieardial trauma, is present. 
When recording strip d, the exploring electrode was on the pericardium 
superjacent to a region of normal ventricular wall near the apex. No 
RS-T junction displacement is present. At this stage of the experi- 
ment the chest was closed. 


Fig. 5.—Within the insert are curves recorded before and during an operation in 
which a patch of epicardium was resected and the pericardial sac closed. The curves 
in columns a through i were recorded on the fourth postoperative day before, during, 
and after a fifty-minute occlusion. The effects produced by the occlusion (columns 
b through e) vanish within forty-five minutes (columns f through i) after cessation 
of occlusion. The strips in column a show the effects of postoperative pericarditis, 
and, likewise, serve as a control for the occlusion effects. The time is five centimeters 
per second. The standardizations are shown. One millivolt was used for the ex- 
tremity leads and three millivolts for the unipolar leads. See text. 
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Fig. 5.—(For legend see opposite page.) 
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On the fourth postoperative day the chest was reopened and the 
anterolateral aspect of the pericardial sae was explored with unipolar 
leads. The two columns of strips under a and b of Fig. 5 were obtained. 
They inelude strips a, through a,, for the recording of which the ex- 
ploring electrode was placed on the pericardial sac at the following 
positions: for a,, the center of the sutured region; for a,, the anterior 
end of the sutured region; for a,, the posterior end of the sutured re- 
gion; and for a,, a;, a,, and a,, at 1, 2, 3, and 4 em., respectively, from 
the sutured region on a line toward the apex of the left ventricle. RS-T 
junction displacement due to injury from postoperative pericarditis is 
present in all of the foregoing unipolar leads except a, a,, and 4a,. 
After taking the strips of column a the exploring electrode was returned 
to the a, position, where it remained throughout the rest of the experi- 
ment with one exception, i.e., strip b., which was taken with the elee- 
tvode at the position of recording strip a,. Upon return of the electrode 
to the position for recording a,, the pericardial sae was reopened through 
the old incision. A ligature was passed around the anterior descend- 
ing branch of the left coronary artery and the associated veins and 
was tied securely. Five minutes thereafter the strips in column b were 
recorded. After taking strip b, the electrode was moved for recording 
strip b., and was then promptly returned for recording strip b,. At 
subsequent intervals (indicated by the dashed numbers over row four) 
the strips of columns c through i were recorded. Within the interval 
between columns e and f the fifty-minute occlusion was terminated. 
Only minor changes are observed in the standard Leads I, I, and III. 

Throughout the first five minutes of occlusion the changes in the 
unipolar lead are striking. They are prominent, however, throughout 
the remainder of the occlusion period. The potassium(?) T effect is 
present in recordings b, and b,, an effect which is slight in strips c¢, 
through e,. The RS-T junction displacements ascribed to injury of 
occlusion remain nearly constant throughout the final fifteen minutes 
of occlusion and, concurrently, a prominent Q develops. Within the 
first ten minutes after termination of occlusion, the eleetrocardiographic 
changes produced by occlusion have practically vanished. Only a small 
RS-T junction displacement remains (strip g,). In strips h, and 7, no 
effeets of injury are present. 

The experiment shows that striking RS-T junction displacements due 
to local postoperative pericarditis may continue to exist through the 
fourth postoperative day. It likewise shows that changes in QRS and 
in the final ventricular deflections produced by a fifty-minute occlu- 
sion may disappear completely in fifteen minutes after the occlusion 
is terminated. As might be surmised from the appearance of the elec- 
trocardiographie changes, the artery occluded in Experiment 6 was 
not as large as that occluded in Experiment 1. 
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DISCUSSION 


In 1937, Blumgart, et al.,° after experimenting with temporary coro- 
nary occlusion in eats, concluded that electrocardiograms ‘‘revealed 
anoxemic changes (due to occlusion) persisting during the postopera- 
tive days in all animals in whieh occlusion was maintained from five 
to forty minutes inclusive.’’ In their controls only one animal was 
followed with serial electrocardiograms after the first postoperative 
day. In this connection it should be recalled that, in dogs, the RS-T 
junction displacements due to postoperative pericarditis do not reach 
maximum until the end of the second postoperative day. During a 
presentation of their work,’ Dr. Blumgart asserted that, in excluding 
pericarditis as a cause for the prolonged electrocardiographic changes, 
they ‘‘relied entirely on decided S-T take-off changes and changes in 
the S-T segment.’’ The changes they observed, however, became less 
pronounced immediately after cessation of occlusion (similar to our 
results in the dog). They also observed that the changes increased 
during the first few postoperative days (as did our changes in the dog 
which were due to postoperative pericarditis). They found no corre- 
lation between the duration of occlusion and the magnitude or duration 
of the observed electrocardiographie changes. IT inally, they suggest 
that the pathologicophysiologic changes observed in their cat experi- 
ments are similar to those in man when angina pectoris is associated 
with persistent electrocardiographie changes and no coronary occlusion 
or myoeardial infarction is found at autopsy. 

Although we have not worked with cats, our observations on dogs 
do not permit us to accept the interpretations which they have placed 
upon their electrocardiographie changes. We believe that all the elec- 
trocardiographic changes (other than mechanism disturbances) which 
they obtained on and after the first postoperative day and which were 
ascribed by them to occlusion were actually due to postoperative 
pericarditis. 

In 1941, Blumegart, et al.'° working with dogs, found that temporary 
coronary ocelusion which lasts from five to forty-five minutes ‘‘usually 
caused electrocardiographie changes which persisted for days to weeks.’ 
In curves from five control animals, they describe RS-T and T-wave 
changes which were like in kind to those obtained from animals under- 
going temporary occlusion. They state that ‘‘only the changes which 
were different from, or much greater than, those observed in any of 
the control experiments were considered as definitely due to the effects 
of ocelusion.’’? It may be observed from their data that the average 
duration of occlusion which produced no significant electroecardiographi¢ 
changes was twenty-four minutes, whereas the average duration of 
occlusion which produeed significant electrocardiographic changes was 
twenty-seven minutes. Thus, they were able to find no correlation 
between the electrocardiographic changes, on the one hand, and the 
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duration of the oeelusion (and the magnitude of the myocardial lesions), 
on the other. Their electrocardiographice interpretations were based 
upon extremity leads recorded before, during, and after occlusion. 

Our results do not permit us to accept the interpretations which they 
have placed upon their electrocardiographic observations. We are 
convineed that all the electroeardiographic changes which they ob- 
tained on and after the first postoperative day and which involved the 
final ventricular deflections were due, as our experiments seem to 
prove, to a local postoperative pericarditis. 

Our experiments show that RS-T junction displacements due to in- 
jury and produced by temporary occlusions of comparable duration 
vanish in less than thirty minutes after the occlusions are terminated. 
This is to be expected, for the musele which ‘‘writes’’ the changes is 
not dead or irreversibly altered by deprivation of its arterial blood 
supply.’ When coronary occlusion is permanent and the RS-T junction 
displacements persist for a week or two, it is not the infareted muscle 
which ‘‘writes’’ the injury effect, but the perifocal zone of living mus- 
cle With temporary coronary occlusion, uncomplicated by arterial 
thrombosis, no such perifocal zone of muscle exists. The central region 
of the muscle ordinarily irrigated by the occluded artery remains in 
the injured state throughout occlusion and for a brief period there- 
after.* Other things being equal, the duration of the latter period is 
direetly proportional to the duration of occlusion. 

At the present time we are not in position to deal fully with the 
nature of the QRS changes (igs. 1 and 5) associated with temporary 
occlusion. It is our present opinion, however, that the breakdown of 
the QRS complex in unipolar leads recorded with the exploring elee- 
trode superjacent to the involved muscle is rather closely connected 
with irreversible deterioration of the subjacent myocardium. Electro- 
cardiographie changes of this kind, which continue for days after 
temporary occlusion, should show a close correlation with gross and/or 
microscopie evidence of local muscle death. Other factors being equal, 
the difference in serial electrocardiographie changes due, on the one 
hand, to permanent coronary occlusion and myocardial infarction, and, 
on the other hand, to temporary occlusion and myocardial infaretion, 
is, we contend, entirely confined to the duration of the changes in the 
final ventricular deflections—a duration which is prolonged in the case 
of the former, and brief in the case of the latter. Moreover, since the 
same kind of changes oceur in the final ventricular deflections in the 
presence as well as in the absence of myocardial infaretion,?* emphasis 
is justly placed on the occurrence of certain permanent QRS changes 
for reliable aid in the eleetroecardiographie diagnosis of myocardial 
infaretion.* 

Unlike Blumgart, et al.,’° we find no evidence that there is a rela- 
tionship between the persistent electrocardiographie changes which 
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may follow certain attacks of angina pectoris in man and the per- 
sistent changes which are associated with experimental temporary cor- 
onary occlusion. The former may be ascribed to persistent, acute, 
local ventricular ischemia which, in turn, is due to a concurrent, local, 
subtotal occlusion. The latter are certainly due to a local postopera- 
tave pericarditis. Our explanation of the electrocardiographic changes 
which may follow an attack of angina pectoris does not specify the 
mechanism of occlusion. Conceivably, the mechanism might differ in 
different instances. The explanation likewise involves the problem of 
cardiac pain. The site of origin of cardiac pain is still unsettled. We 
believe the available evidence favors the idea that cardiac pain results 
from impulses which originate in the walls of the coronary system. 
Thus, the occurrence of painless myocardial infaretion, the occurrence 
of severe attacks of cardiae pain without infaretion and with or with- 
out associated electrocardiographic changes, and the occurrence of 
painless, acute, and chronie loeal ventricular ischemia are explainable. 


SUMMARY 


1. A method is presented by which the electrocardiographic changes 
due to experimental coronary occlusion may be differentiated from 
those caused by the associated postoperative pericarditis. 

2. It is shown that the changes in the final ventricular deflections 
which are due to experimental, temporary, coronary occlusions of fifty 
minutes, or less, vanish completely within thirty minutes after cessa- 
tion of oeelusion, and that the changes which appear on and after the 
first postoperative day are caused by local postoperative pericarditis. 

3. Other factors being equal, the duration of the electrocardiographiec 
changes which immediately follow cessation of occlusions of fifty min- 
utes, or less, is directly proportional to the duration of the occlusion. 

4. There are no differences in the magnitude or in the kind of elee- 
trocardiographie changes which are produced by acute local ventricu- 
lar ischemia and injury, on the one hand, and by local postoperative 
pericarditis, on the other. The former oceur during, and for a brief 
time after, temporary occlusion. For the most part, the latter occur 
on and after the first postoperative day. The site of generation of the 
electrical effects which account for the two etiologieally different 
groups of changes is different, i.e., the electrical effects associated with 
occlusion are generated in the muscle ordinarily irrigated by the oe- 
cluded artery, whereas those associated with postoperative pericarditis 
are generated by the muscle adjacent to the local epicarditis which 
results primarily from the trauma of dissection of the coronary artery 
and from the trauma eaused by the sutures whieh are used to close 
the pericardial sac. 

5. These observations differ decidedly from those of others.*'®? We 
ascribe the differences to the use, by others, of extremity leads only. 
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It is important not to rely entirely upon extremity leads for an evalu- 
ation of the eleetrocardiographie changes which oceur in association 
with animal experimentation. 


Thanks are extended to Martha E. Bayley, R.N., for valuable technical assistance. 
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EFFECT OF DEHYDRATION, PRODUCED BY MERCUPURIN, 
ON THE PLASMA VOLUME OF NORMAL PERSONS 


RicHarp H, Lyons, M.D., Noyes L. Avery, M.D., Anp 
SAMUEL ID, JAcospson, M.D.* 
ANN ARBOR, MICH. 


T HAS been assumed':? that the plasma volume remains relatively 

constant with dehydration because it is protected by the much larger 
extracellular fluid volume. Using improved techniques for measurement 
of the plasma volume, however, it has been found that considerable de- 
creases in the plasma volume may be associated with dehydration in- 
duced in animals by removal of intestinal fluid® or the intraperitoneal 
injection of glucose,t and in man by diabetic acidosis® and the admin- 
istration of ammonium chloride.® 

There is considerable variation of opinion concerning the mode of 
action and the effectiveness of mercurial diuretics in different diseases 
because of the variability in the diuretic response from patient to patient 
as well as in a single patient. When edema is present, it is difficult to 
evaluate the role played by diuretic drugs because of the spontaneous 
variations in the pathologic process. In general, it may be said that the 
diuretic response in patients with heart failure is roughly proportional 
to the amount of edema.’ 

There is little information® concerning the action of mereurial di- 
ureties on normal subjects, and, consequently, there is no standard upon 
which diuresis may be evaluated. Occasionally, these diuretics are 
administered to patients who no longer exhibit clinical evidence of 
edema, and, when diuresis results, it may he interpreted as evidence of 
**subelinieal edema.” 

These observations were made on normal subjets in an effort to estab- 
lish a base line by which the diuretic effect of a single dose of one organic 
mereurial compound might be evaluated, and to assay the effect of this 
type of dehydration upon the plasma volume. 


METHODS 


Ten patients in good health, who were free from cardiovascular or 
renal disease and had never had edema, were selected as normal subjects 
for study. Each subject had been on the routine hospital diet, with fluid 
and salt ad lib., for several days before the observations, and was pre- 
sumably in a ‘‘normal state of hydration.’’ 

On the day the observations were started, the subject was weighed in 
the rested, postabsorptive state on a beam balance which was accurate to 
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2 grams. After the weighing, he was placed on a table, and blood 
samples were taken for determination of the plasma volume,’ hemato- 
erit,’° and serum proteins."! After forty-five minutes on the table, 
estimations of the arterial and venous blood pressures’? were made, and, 
at the conclusion of the observations, 2 ¢.e. of mereupurin were injected, 
intravenously. During the day, the patient was allowed fluids ad lib. 
and consumed all the food on his trays. The following morning the 
subject was again weighed, and the observations were repeated while he 
was in the rested, postabsorptive state. 

If the subject consumes his usual diet, changes in weight from one day 
to the next will reflect closely changes in the water content of the body. 
It can, therefore, be assumed that the weight lest twenty-four hours 
after an injection of mercupurin closely approximates the diuresis pro- 
duced. The error of such an assumption is of little significance in deal- 
ing with the large changes in weight which were observed. 

Control determinations of the plasma volume and hematocrit were re- 
peated twenty-four times on successive mornings on twenty-two normal 
subjects. There was a mean difference between the determinations of 
plasma volume of +27.5 + 19.1 ¢.¢., or +0.95 + 0.64 per cent of the initial 
volume, and a mean percentage change in the hematocrit of —0.75 + 0.52. 
In thirteen repeated determinations of the total serum protein, there 
was a mean percentage change of —0.60 +1 per cent. 

RESULTS 

All subjects experienced a diuresis, and in every case there was a fall 
in the plasma volume, associated with an increase in the hematocrit read- 
ing and serum protein concentration. The changes in plasma volume, 
serum protein concentration, hematocrit, venous pressure, and body 
weight are presented in Table I. The percentage change expresses the 
variations in plasma volume for the group more accurately than the 
actual change, for the plasma volume will vary considerably with the 
size of the subject. 

Although all of the subjects had a diuresis, there was considerable 
variation in the degree of response. The average weight loss was 1.73 
0.3 kg., or 2.64+0.5 per cent of the body weight. Two subjects, No. 
2 and No. 10, had a 3.5 kg. weight loss, while two others lost only 0.5 
and 0.7 kg., respectively. The larger subjects underwent a greater 
change in weight than the smaller ones. 

The fall in plasma volume was roughly proportional to the extent of 
diuresis. The average decrease in the plasma volume was 544 + 87.7 c.c., 
or —15.7 + 2.4 per cent of the initial plasma volume. In two eases, No. 7 
and No. 9, the change in the plasma volume was small, and in each in- 
stance the diuresis was considerably below the average for the group. 
The percentage increase in serum protein concentration and hematocrit 
was considerably less than the decrease in plasma volume. The average 
change in serum proteins was +0.74+0.14 Gm., or +11.5+2.6 per cent. 
There was a mean increase in the packed cells of the hematocrit of 
2.9 + 0.6, whieh represented a mean percentage change of only +6.9 + 1.5. 


CHANGES TWENTY-Four Hours AFrreR THE ADMINISTRATION OF 2 C.C. OF 
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TABLE I 
To TEN NORMAL SUBJECTS 


MERCUPURIN 


4 z 
25 25 4, vA | Zo ea hal ag 
] -580 | -20.2 | +1.56 | +26.5 | 43.8 [+ 6.5 | -1.2 | -1.8 | 120 108 |84 86 |-25 
2 -820 | -21.2 | +1.08 | +17.5 | +1.4 |+ 2.9] -3.5 | -4.5 | 13 112 |84 88 |-11 
3 -350 |- 9.9 | +0.77 | +11.2 | +38 + 7.3] -15 | -2.5 | 116 90 |70 72 |-17 
4 -490 | -14.0 | +0.59|+ 9.0 | +1.9 |+ 4.5 | -0.56 | -1.0 | 120 110 82 84 |-38 
5 -880 | -28.1 | +0.72/+410.1 | +2.1 |+ 4.4] -2.0 | -2.7 | 114 110 |80 92 |-25 
6 -790 |-19.5 | 4.6 | |+ 2.4] -0.9 | -1.4 | 105 100 |74 82 |-18 
7 -180 |- 6.1 | +0.60|+ 9.8 | +2.7 |}+ 5.8] -0.7 | -0.9 | 120 120 |84 86 |- 5 
8 | -&20 | -13.1 | +0.30|+ 3.5 | +6.5 |+18.0 | -2.7 | -4.3 | 100 160 |76 | 86 |-45 
9 - 70 |- 3.5 +0.3 0.8} -0.9 | -1.7 90 92 |70 70 |- 
10 -760 | -21.2 ome -~| +6.0 |+16.7 | -3.5 | -5.6 | 110 105 70 90 |-63 
Mean | -544 | -18.7 | +0.74 | +11.5 | +2.9 |+ 6.9 |-1.73 |-2.64 | 112.6] 1U4.8 | 77.4 | 83.6|-25.2 
8.D. 263 7.501 O87 6.9 1.9 1.0 1.5 9.7 7.7| 6.3] 6.4] 16 
S.E. | $87.7 | 2.4 | +0.14/+ 2.6) 20.6 |+ 1.8)20.38 | 40.5 |+ 3.2| + 2.6 |+2.1] 


Accompanying the diuresis there was a fall in the venous pressure in 
every case; in some instances this was quite striking, whereas in others 
it was of little significance. There was an average decrease of 25.2 + 5.3 
mm. of saline from the control determination. The control venous pres- 
sure measurements were all normal, ranging from 70 to 136 mm. of 
water. There was no significant relationship between the control level 
of venous pressure and the degree of change. The changes that were 
most pronounced occurred in Cases 4, 8, and 10, in which the control 
venous pressures were 78, 120, and 100 mm. saline, respectively. In 
general, the fall in venous pressure roughly paralleled the decrease in 
plasma volume and body weight. There was also a significant decrease 
in the pulse pressure, with a rise in the diastolic pressure and a fall in 
systolic pressure. 

The majority of the subjects observed no change in their state of well- 
being except some increase in lassitude. A few noted a sensation of 
weakness and tiredness in the supine position, with dizziness and light- 
headedness on standing. This was particularly evident in Cases 1, 5, 


and 10. 
DISCUSSION 


There are many conflicting reports in the literature concerning the 
changes in the plasma volume after giving mercurial diuretics. This 
conflict is probably the result of deductions drawn from slight varia- 
tions in the constituents of the plasma, from differences in the time 
the observations were made, and, possibly, from different types of ex- 


perimental material. 
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Many investigators have used alterations in the concentration of 
serum proteins as an index of change in plasma volume. Some'® re- 
ported decreases in the plasma protein concentration shortly after the 
injection of a mereurial diuretic, followed later, in some instances, by a 
rise in the plasma protein. Others'* observed no decrease in the plasma 
protein, but a consistent increase in its concentration during and after 
the period of diuresis. Studies based on techniques that measure the 
plasma volume directly also are in disagreement. Feher’ found that 
there was an elevation of the plasma volume either at the height of the 
diuresis or after diuresis. Brown and Rowntree'®* and Swigert and 
Fitz'®*® found changes in the blood volume in either direction. Gold- 
hammer, et Evans and Gibson,’*® Calvin and Decherd,'*© and 
Herrmann and Decherd'*? reported that consistent decreases in the 
plasma volume were present with the onset of diuresis and at the com- 
pletion of diuresis. 

The changes in protein concentration and plasma volume have been 
used to support theories concerning the action of mereurial diuretics. 
The demonstration of a decrease in plasma protein concentration and an 
increase in plasma volume is used to support the theory that these drugs 
act on the tissues and mobilize tissue fluid. The observers who found 
increases in protein concentration and decreases in plasma volume con- 
sider that these changes are evidence of direct action of the mereurial 
diuretics on the kidney. This view receives strong support from the 
work of Goverts,'® Christian and Bartram,'® Herrmann, et al.,?° and 
Blumgart et al.,*°-* who have approached the problem in a different 
manner. If the action of mercurials is directly on the kidneys, pre- 
sumably through diminished tubular absorption as the preponderance 
of more recent work would suggest, then the plasma volume should 
fall as tubular absorption is impaired, unless it is completely protected 
by the extracellular fluid. There would appear to be no reason to expect 
an inerease in plasma volume under these circumstances unless protein 
were added to the blood stream, as suggested by Nonnenbruch. There 
is no evidence, however, that protein is added to the blood stream; it 
may actually be lost in certain instances.*" ** 

The results reported here cannot answer the question whether there 
are shifts in the plasma volume before or at the time of diuresis. The 
measurement of plasma volume twenty-four hours after the injection 
of mereupurin will reflect only the end result of the diuresis. As such, 
however, there appears to be no suggestion that hydremia has oceurred. 
It is also evident that the plasma volume is not well supported by the 
extracellular fluid volume. 

If the action of mercurial. diureties is directly on the kidney, it might 
be expected that the plasma volume of normal subjects would suffer 
greater changes in proportion to the fluid lost than that of an edema- 
tous subject, which is presumably supported by a larger yolume of extra- 
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cellular fluid. This may, in part, explain the inconsistent results of 
Swigert and Fitz '*® and others who studied edematous patients. It does 
not explain an increase in the plasma volume after diuresis, and this did 
not occur in the cases reported here. 

Blumgart, et al.,° in a careful balance study of two normal subjects 
who were undergoing salyrgan diuresis, calculated that 90 per cent of 
the water lost under these circumstances comes from the extracellular 
fluid, and only 10 per cent from the tissues. The results in these ten 
subjects indicate that the decrease in plasma volume contributes greatly 
to the weight lost. The loss of plasma volume would account for 
39.6 + 9.5 per cent of the decrease in body weight. In Cases 4 and 6, 
the decrease in plasma volume accounted for nearly all of the change in 
body weight. If these cases are eliminated, the change in plasma volume 
in the remaining eight cases accounts for 26.3 | 3.8 per cent of the weight 
lost. This is in striking contrast to the effect of ammonium chloride 
diuresis in a similar group of normal subjects,® in which the decrease 
in plasma volume accounted for only 12.2 + 1.2 per cent of the weight 
lost. 

It is interesting that the average diureses observed in this group of 
normal subjects after 2 ¢.c. of mereupurin, namely, 2.6 per cent of the 
body weight, was less than that which oceurred in a similar group on a 
low-salt diet and ammonium chloride ;° the latter had an average diuresis 
of 4.4 per cent of the body weight after a three- or four-day period. 
Ordinarily, patients with edema do not have a greater diuresis with am- 
monium chloride than with mereupurin. This discrepancy in these 
normal subjects may be explained by the fact that, with ammonium 
chloride, water is lost from both fluid compartments in nearly equal 
amounts,”*> whereas, with mereupurin, water is lost largely from the 
extracellular fluid compartment. Thus, in the absence of abnormal ac- 
eumulations of extracellular fluid, ammonium chloride administration 
might be expected to produce a greater weight loss. 

These results suggest that a normal subject may have a diuresis of 
2 to 6 pounds, or 1 to 4 per cent of the body weight, in response to a 
2 ¢.c. injection of mereupurin. At times, after a patient has recovered 
from congestive heart failure, diureties are still used when there is no 
longer clinical evidence of edema. When a diuresis of six pounds or 
less occurs in such eases, it should not necessarily be interpreted as evi- 
denee of abnormal accumulations of edema fluid, and should suggest 
that further diuresis may not be necessary. Such a diuresis should not 
be interpreted as evidence of ‘‘subclinical edema.”’ Furthermore, the 
administration of mereurial diuretics to such patients may produce 
severe dehydration and the clinical picture characterized by weakness, 
apathy, delirium, and, at times, unconsciousness, described by Poll and 


Stern.?* 
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The failure of the concentration of serum protein and the hematocrit 
readings to increase in proportion to the fall in plasma volume under 
these circumstances has been noted before.2° This again is evidence that 
shifts in these components fail to reflect quantitatively the change in 
plasma volume, although they may indicate that the plasma volume is 
undergoing changes, and the direction of the change. 

The consistent fall in the venous pressure in these cases appears to 
be related to the decrease in plasma volume and body weight. Large 
changes in the plasma volume, with two exceptions, Cases 2 and 6, were 
accompanied by pronounced changes in the venous pressure. Since the 
veins of the forearm are a series of collapsible tubes, the pressure in 
them is dependent upon the pressure of the surrounding tissues,?° the 
intrathoracic pressure,?* and the pressure in the right auricle.2’ Ryder, 
Molle, and Ferris*® have indicated that the pressure in a peripheral 
vein in normal subjects is a function of tissue pressure causing collapse 
of that vein along its course to the heart, so that it is independent of the 
auricular pressure. Richards, et al.,2*° found a gradient of 39 mm. of 
water between the antecubital venous pressure and the auricular pres- 
sure in nine normal subjects. The gradient tends to disappear as the 
pressure in the auricle rises in congestive heart failure. The pressure 
in the peripheral veins is not changed by decreases in the intrathoracic 
pressure below normal, but will be affected by increased intrathoracic 
pressure.2®> Another factor, however, must be considered in evaluating 
the decrease in venous pressure. Warren and Stead*? found that, with 
pooling of blood in the lower extremities of six normal subjects, there was 
a fall in the antecubital venous pressure of 23 mm., and, in the external 
Under these circumstances, the decrease 


jugular pressure, of 53 mm. 
in the amount of blood returning to the auricle was the chief factor 
affecting the venous pressure, and it would appear that either the volume 
of blood flow or the auricular pressure, or both, had some effect on the 
peripheral venous pressure. 

The fall in vénous pressure after the injection of merecupurin may 
be explained by several factors. The loss of extracellular fluid in 
the tissues surrounding the antecubital vein may result in a de- 
crease in tissue pressure. In these cases, the weight loss was rela- 
tively small, and it appears unlikely that this factor would be of great 
importanee. The decrease in arterial pulse pressure and the symptoms 
of weakness and apathy at rest in bed and dizziness and faintness in 
the upright position experienced by some of these subjects suggest that 
there was a decrease in the blood flow. This might produce the fall 
in venous pressure as a result of the decreased filling of the vascular 
bed in the region of the antecubital vein, thereby decreasing the tissue 
tone. The decrease in blood flow, if present, may be the result of a 
decrease in the auricular pressure associated with the lower plasma vol- 
ume, which may be reflected by the fall in the antecubital venous pres- 
The failure to demonstrate more consistent changes in the venous 


sure, 
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pressure under these cireumstances may be the result of individual 
variation in the degree of local obstruction to the flow of blood in the 
antecubital vein, which thus masks changes in the auricular pressure. 

The symptoms exhibited by some of these normal subjects are similar 
in many respects to those noted by edematous subjects after extensive 
diuresis,** and suggest that diminishing blood volume may play an im- 
portant role. The clinical picture of apathy, weakness, delirium, and 
unconsciousness after extensive diuresis and the symptoms associated 
with a diminished blood volume which were noted by the normal sub- 
jects are analogous, in many ways, to the clinical appearance and cireu- 
latory defect of shock. 

SUMMARY 


1. Plasma volume, serum protein concentration, hematocrit value, 
arterial and venous blood pressures, and body weight were determined 
in ten normal subjects before, and twenty-four hours after, the injection 


of 2 ¢.c. of mereupurin. 
2. There was a fall in plasma volume in every ease, averaging 544 + 


87.7 ¢.¢., or 15.7 + 2.4 per cent of the control determination ; an average 
rise in serum proteins of 0.74 + 0.14 Gm., or 11.5 + 2.6 per cent; and an 
average rise in hematocrit of 2.9 + 0.6, or 6.9 + 1.8 per cent. 

3. A diuresis was experienced in every ease; the mean was 1.73 + 0.3 
ke., or 2.6 + 0.5 per cent of the body weight. 

4. Associated with the diuresis and decrease in plasma volume, there 
was a fall in venous pressure and pulse pressure. 

5. In some instances, the subjects exhibited weakness, apathy, dizzi- 
ness, and faintness, suggesting a diminution in cardiac output. 
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Clinical Report 


SUCCESSFUL USE OF A MASSIVE DOSE OF QUINIDINE IN 
A CASE OF INTRACTABLE VENTRICULAR TACHYCARDIA 


NATHANIEL Retcu, M.D. 
BROOKLYN, N. Y. 


tachyeardia is very serious in conjunction with 
advanced heart disease. It has been produced experimentally by 
ligation of the coronary arteries." Apparently, in such cases, the 
ischemie area hecomes irritable, and henee heeomes the source of this 
idioventricular rhythm. 

A case of ventricular tachyeardia is described in which a very large 
dose of quinidine (185 grains) over a relatively short period of time 
(two and one-half days) was required to establish normal rhythm. It 
was thought worth reporting to show the relative safety of a huge 
amount of quinidine in eases of intractable ventricular tachyeardia, 
providing serial electrocardiographie studies are made before each dose 
in order to study the QRS complex. 


CASE REPORT 


J. F., an attorney, aged 56 years, complained of a sudden, pressing. 
substernal pain which spread to the entire upper part of the chest and 
down both arms, and finally localized in the substernal region. This 
was accompanied by vomiting. Although the past history was entirely 
negative, the family history was of interest. The patient’s mother died 
of a heart attack at the age of 53 vears, his father died of a cerebral 
hemorrhage at the age of 65 years, and his sister had had coronary 
thrombosis two vears previously. His habits were very regular, and 
he had played golf weekly until his present illness. 

Exramination.—Examination revealed normal temperature and_ res- 
pirations, with a regular pulse at a rate of 80 per minute. The patient 
was cold, slightly ashen, and nauseated. The eve grounds showed slight 
arteriosclerosis, without hemorrhages or exudates. The lungs were 
entirely normal. The cardiac apex was in the sixth intercostal space, 3 
em. outside the midelavicular line. The sounds were of very poor 
quality. There were no thrills, murmurs, or frietion rubs. The blood 
pressure was 116/88. 

Course-—A single dose of morphine, with atropine sulfate, and smal! 
doses of quinidine were employed the first day. The following day, 
the pain was relieved and normal color had returned. The patient’s 
lungs were normal and the quality of the heart sounds improved. About 
thirty-six hours after the attack, he suddenly coughed up rusty sputum, 
and examination revealed slight dullness and fine, crepitant rales at 
the base of the right lung. Examination of the sputum revealed a 
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Type XII pneumococeus. The leucocyte count was 13,500, with 78 
per cent polynuclears. The icteric index was 4.5, The next morning 
the temperature rose to 102° F., and there was consolidation of the 
right lower lobe, which spread to the base of the left lower lobe. There 
was a favorable response to sulfadiazine. On the sixth day, a precordial 
friction rub synehronous with the heart beat was heard; it was loudest 
at the xiphoid and lasted six days. On the fourteenth day there was 
another slight rise in temperature; this fever subsided rapidly when 
sulfadiazine was given. Although tubular breath sounds were no 
longer present, medium. moist rales remained at the bases of both lower 
lobes, and were attributed to persistent pneumonitis. On the sixteenth 


Fig. 1—A, Ten hours after onset; no significant changes. B, Twelve days later; 
Lead I: small R wave with increased prominence of S wave; Lead II: notched S 
wave; elevation of RS-T segment in first three leads; suggestion of acute right ven- 
tricular strain. C, Ventricular tachycardia. D, After 185 grains of quinidine, heart 
rate fell to 68; P-R interval, 0.58 second, returned to normal spontaneously four 
hours later. 
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day there was a second attack of precordial pain, and the blood pres- 
sure fell to 90/70. The following day the heart rate rose suddenly to 
180 beats per minute. This was uninfluenced by carotid sinus or eyeball 
pressure (Fig. 1). It was decided to give 10 erains of quinidine ap- 
proximately every two hours. An electrocardiogram was taken before 
every dose for study of the rate, rhythm, and the QRS interval. It 
was imperative not to allow this interval to exceed 0.18 second because 
of the danger of ventricular fibrillation and death. <A total of 185 
erains was given in two and one-half days, with a free interval of ten 
hours (Table I). 
TABLE I 


HOUR ULSE 
PRESSURE | DOSAGE IN GRAINS 
Friday P.M. | 84/76 180 10 
6:30 84/70 154 10 
8:30 80/62 | 138 10 
10:25 Not “126 ampoule cora- 
| obtainable | Very irregular mine 
| and thready | 3 minims adren- 
alin 
Saturday 2 AM. 88/72 13 | 10 
4 80/74 144 10 
6 80/70 130 10 
8 78/66 112 | 35 (Vomiting) 
10 | 78/62 110 | 5 (Vomiting) 
Discontinued for ten hours because of v vomiting 
8 P.M. | 86/70 | 120 | 10 
10:30 | 86/70 112 5 
11:45 | 88/70 120 5 
Sunday 2 A.M. 96/68 | 116 _ 10 
7 | 86/62 | 118 = 
11:45 98/78 | 120 | 10 
4:15 P.M. 90/66 | 150 10 
6:50 } 86/68 | 120 | 10 
8:30 90/70 110 10 
10:15 86/68 110 10 
Monday 12:30 A.M. | 84/60 114 10 
2:30 84/60 | 106 10 
4:30 84/60 | 104 10 
6:30 S4/60 | 68 5 
3:00 P.M. 92/70 | 62 - 
5:00 | 92/68 58 “ 
10:00 | 115/86" 72 - 


*The pulse and blood pressure have remained at this level for the past fifteen 
months. 


COMMENT 

This ease illustrates decisively the specific effect of quinidine on ven- 
tricular tachyeardia when it is given in sufficient dosage. We, as well 
as others,?)* believe that this is the largest dose of quinidine sulfate 
ever given over such a short period of time. 

Continued ventricular tachycardia presents a serious situation. It is 
obvious that the heart of a man 56 years of age cannot maintain, for 
long, a rate of 150 to 200 beats per minute. Therefore, the gravity of 
the event warrants the risks involved in giving quinidine in very large 
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doses. The exact dosage is variable, and should be ascertained, not by 
trial and error, but by electrocardiographie studies before each sueceed- 
ing dose is given. This is important because the degree of myocardial 
poisoning must be carefully evaluated before the next dose can be given 
in order to prevent serious cumulative effects. The duration of the QRS 
complex was employed as an index of such poisoning. An increase up to 
25 per cent is allowable.t| Any further prolongation increases the 
danger of fatal ventricular fibrillation. Other causes of death which 
must be kept in mind are respiratory paralysis in patients who are 
susceptible to the drug, and embolism upon resumption of normal 
rhythm. 

The maintenance of quinidine concentration depends on two defi- 
nite factors: the dosage, and the rapidity ef its exeretion. Since 
quinidine is rapidly excreted and shows very slight cumulation, the 
element of importance in dosage is the size and frequency of the indi- 
vidual dose, rather than the total quantity given over a period of time. 

1. Dosage Factor.—Although the average dose of quinidine is from 
about 15 to 30 grains daily, there are several reports on the use of 
extremely large doses. Viko, Marvin, and White® gave daily doses up 
to 60 grains. Levine and Fulton® gave as mueh as 112 grains in twenty- 
four hours to one patient with ventricular tachyeardia, and 36 grains 
daily, for months, to another. In Gold’s case,* the dosage was gradu- 
ally inereased to the point of minor toxie effects. Altogether, the pa- 
tient took a total of 38,456 grains (more than 75 ounces of quinidine 
sulfate), or an average of about 48 grains daily for 802 days. Jezer 
and Schwartz’ gave a total of 312 grains over a period of nine days, 
in total daily doses ranging from 6 to 72 grains, for the treatment of 
auricular flutter. Temporary amblyopia and irregular return of the 
flutter were noted. 

2. Excretion Factor—Quinidine excretion is influenced by a num- 
ber of factors: individual variation, diuresis, renal permeability for 
the urinary solids, and muscular effort. However, excretion of the drug 
is carried on largely through the urine. According to Wedd,* this varies 
in individual cases, but usually the drug cannot be detected fifteen 
hours after the single maximum therapeutic dose. From this, one may 
conelude that there is little danger from cumulative effects, and also 
that, for continuous administration, the interval between doses should 
not be too great. There are several experimental studies which show 
that quinidine is very rapidly exereted.* 1° Ordinarily, not more than, 
six hours should elapse if any continuous effect is desired. 

Wiechman" found that, although individual differences in excretion 
occurred, in general, quinidine excretion was directly proportional to 
the urinary output. A greater amount was excreted on the day after 
the administration of small fractional doses than on the day after the 
same quantity was given as a single dose. Excretion was uninfluenced 
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Weisman’ studied the rate of concentration and elimination of 
quinidine, and found that single doses of 100 mg. (1% gr.) produced 
a maximum concentration in the heart muscle in thirty minutes. It 
was completely eliminated from the heart in four hours. <A single dose, 
six times as large, caused these periods to be doubled. The lungs, liver, 
kidney, and spleen reacted similarly. When four small doses were 
given at hourly intervals, the maximum concentration was reached in 
two hours and the drug disappeared in five hours. 

CONCLUSIONS 

1. Over a period of two and one-half days, 185 grains of quinidine 
were employed successtully in a case of unremitting ventricular tachy- 
cardia. 

2. We have been unable to find any record of a larger dose of quini- 
dine being given over a shorter period of time. 

3. Safety in giving tremendous doses of quinidine over a short period 
of time in a ease of intractable ventricular tachycardia is possible, pro- 
viding an electrocardiographie study of the QRS interval is made be- 
fore each dose of 10 grains. An increase of approximately 25 per cent 
is allowable in any lead. Above this, the danger of ventricular fibrilla- 
tion increases, and further administration is unsafe. 

4. The electrocardiographie studies and treatment were instituted, 
in this case, in the home, and eould probably be employed with even 
greater ease in the hospital. 

I am indebted to Dr. J. Hamilton Crawford and Dr. Harry Gold for their kind 
sugggestions, 
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Selected Abstracts 


Gregg, D. E., and Shipley, R. E.: Changes in Right and Left Coronary Artery 
Inflow With Cardiac Nerve Stimulation. Am. J. Physiol. 141: 382, 1944. 


The effects of stimulation of the stellate ganglia and their cardiac branches on 
coronary inflow in the anesthetized, open-chest dog have been studied with the 
use of the rotameter (for recording mean rate of inflow) and the orifice meter 
(for recording phasic flow). 

Stimulation of these structures usually causes a considerable and sustained 
augmentation of left coronary inflow and a somewhat smaller increase in right 
coronary inflow. In no instance was a sustained reduction in flow observed. 

The increase in mean rate of flow is the resultant of a decreased inflow during 
systole and a proportionately larger increase in flow during diastole. Occasion- 
ally, the phasic redistribution of flow throughout the evele is such that the net 
flow increase is quite small. 

The augmentation of coronary inflow is frequently accompanied by simultane- 
ous elevation of aortic blood pressure and/or heart rate. However, observations 
that the inflow increases when these variables either do not increase spontane- 
ously or are artificially kept at the control level, indicate that these factors alone 
are not an indispensable part of the mechanism by which coronary inflow is 
increased. 

The augmentation of coronary inflow is regarded as an indication of coronary 


vessel dilatation. The mechanism remains to be determined. 
AUTHORS. 


Langendorf, R., Katz, L. N., and Simon, A. J.: Reciprocal Beating Initiated by 
Ventricular Premature Systoles. Brit. Heart J. 6: 13, 1944. 


A ease is presented showing sinus rhythm and ventricular premature systoles 
followed at a fixed interval by another premature ventricular complex of supra- 
ventricular origin. The occasional presence of inverted P waves between the two 
premature ventricular beats suggested reciprocal rhythm. This was substantiated 
not only by the constant interval between the two premature ventricular beats 
but also by the occurrence of P waves preceding the second premature ventricular 
beat at a distance so short as to preclude the possibility of conduction of an im- 
pulse from the auricles to the ventricles in the second beat. 

In the authors’ case, evidence is presented to suggest that the point of re-entry 
was below the auricles and above the bifurcation of the common bundle, pre- 
sumably within the A-V node. 

It is pointed out that the retrograde P waves, in cases of reciprocal rhythm 
due to re-entry of retrograde impulses, merely indicate the presence of retrograde 
conduction, without in themselves constituting an essential part of the mechanism 
underlying reciprocal rhythm. 

The various possibilities of interference, in the authors’ case, between the sinus 
impulse and retrograde impulses causing reciprocal rhythm, are evaluated and 
instances of each cited. 
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The authors’ case indicates that instances of fixed coupling of premature ven- 
tricular beats, even in the absence of P waves, indicative of retrograde condue- 
tion, may be examples of re-entry. 

AUTHORS, 


Lawrence, J. S., and Forbes, G. W.: Paroxysmal Heart Block and Ventricular 
Standstill. Brit. Heart J. 6: 53, 1944. 


A case is described showing periods of intermittent heart block and, oecasion- 
ally, a phasie ventricular standstill. Conduction was normal in the intervening 
stages, 

Kighteen reported cases of this type are reviewed. 

It is suggested that arterial spasm or partial arterial occlusion is the main 
factor in the majority of these cases. 

It was found possible to control the attacks by inhalations of amy! nitrite. 


AUTHORS, 


Duras, P. F.: Heart Block With Aneurysm of the Aortic Sinus. Brit. Heart J. 
6: 61, 1944. 


A case is reported with an aneurysm of a sinus of Valsalva and complete heart 
block. The possible causes of the block are discussed, and the conclusion is drawn 


that the block was due to pressure of the aneurysm on the conducting path. 


AUTHOR, 


Miller, R. A.: Auriculo-Ventricular Rhythm. Brit. Heart J. 6: 107, 1944. 


This paper is based on observations on thirteen cases of auriculoventricular 
rhythm, the salient features of which have been correlated with appropriate facts 
recorded by others. The outstanding features fall under four headings as follows: 

Physical exercise may now be added to the factors that precipitate A-V rhythm. 
Atropine can produce the rhythm disorder when a tachycardia is present, or when 
the heart rate is increasing. From these observations, it was decided that atropine 
acted simultaneously and unequally upcen the sinoauricular node and the auriculo- 
ventricular node in order to produce A-V rhythm. 

As a rule, the onet of A-V rhythm cannot be detected by the patient or the 
physician. Sometimes, however, the patient may complain of giddiness, weakness, 
or palpitation, and the doctor may note an abrupt fall in the pulse rate. An ex- 
planation for these symptoms and signs has been given. 

Should A-V rhythm be complicated by ventricular bigeminy, it is generally 
transitory, but it may be intermittent for months, the onset of bigeminy being 
partially determined by the length of the Q-P interval, and by the site of origin 
of the ventricular contraction. It should be noted, however, that the critical Q-P 
interval, below which ventricular bigeminy ceases to appear, varies with the rate 
of the heart. 

The prognosis for people with A-V rhythm is influenced and controlled by sys- 
temic disturbances and cardiac disease. The detection of the latter is sometimes 
possible by utilizing the following tests: vagal pressure, exercise, and atropine, 
provided such tests are performed and interpreted cautionsly. These tests are 
only warranted when the etiology of A-V rhythm is obscure. Six such eases have 
been reviewed. One proved to be due to organic disease and the others to vagal 
dysfunction. In the former there was no deterioration in health over a period 
of one year, although the disorder persisted for this period. In those people with 
abnormal vagal tones as the etiological factor, it is probably possible to lead an 
active life for twenty-five years with intermittent A-V rhythm. 

AUTHOR. 
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Holford, J. M.: Unusual Electrocardiogram in Dextrocardia. Brit. Heart J. 6: 

105, 1944. 

The ease here described was found in the course of a mass radiographic survey. 

Radiography showed a heart in.the position of complete dextrocardia, but 
otherwise of normal contour. The lung fields were clear. The left dome of the 
diaphragm was raised. The liver and stomach were not transposed. 

In Lead I, P is upright, the QRS complex shows a downward deflection followed 
by an upward one of approximately equal magnitude, and T is shallow and 
diphasie. All the remaining leads appear normal. 

AUTHOR, 


Saphir, O., Wile, S. A., and Reingold, I. M.: Myocarditis in Children. Am. J. 
Dis. Child. 67: 294, 1944. 


In 1,420 autopsies on children between the ages of 8 days and 16 years, ninety- 
seven instances of myocarditis were observed, an incidence of 6.83 per cent. This 
disease was encountered 150 times in 3,712 autopsies performed on adults during 
the same period, an incidence of 4.05 per cent. These figures represent myo- 
‘arditis seen in a general pediatric hospital. Types of myocarditis occurring during 
the course of contagious diseases are not included; references to these, however, 
are made in the discussion. 

Among the 97 cases of myocarditis, there was 1 in which the condition was 
diagnosed as postdiphtheritic inflammation of the myocardium. Myocarditis was 
associated with meningitis in 4 cases, with poliomyelitis in 7, with broncho- 
pneumonia in 12, with lobar pneumonia in 3, and with nephritis in 3. Abscesses 
in the myocardium, associated with various infectious diseases and various portals 
of entry, were present in 16 instances. Myocarditis associated with bacterial 
endocarditis was present 5 times; myocarditis associated with subacute bacterial 
endocarditis 7 times. There were 13 instances of a ‘‘rheumatic type’’ of myo- 
sarditis. Rheumatic myocarditis was present 19 times, isolated myocarditis 5 


times, and myocarditis in tuberculosis 4+ times. 

Fetal myocarditis, with the exception of myocarditis in congenital syphilis, if 
it oceurs at all is extremely rare. The essential myocardial lesion in diphtheria 
is parenchymatous hyaline degeneration or necrosis. Later there occurs a repara- 
tive inflammatory process. It is questionable whether the latter should be con- 
sidered true myocarditis. Myocarditis in measles is rarely encountered; nor does 
myocarditis occur frequently in mumps, whooping cough, smallpox, or varicella. 
It seems that inflammatory myocardial damage occurs much more often in scarlet 
fever than has been heretofore believed. Perhaps a parallel statement would be 
true for a number of other contagious diseases if further studies were made of 
the myocardium in such conditions. Myocarditis is also observed in epidemic 
meningitis and poliomyelitis. In the latter disease it seems to occur more fre- 
quently than is generally accepted. In bronchopneumonia and lobar pneumonia 
it is oceasionally encountered. In pyemia, abscesses of the myocardium occur 
relatively frequently; however, a cursory examination of the myocardium often 
fails to disclose small abscesses. 

Isolated myocarditis occasionally occurs in children who have no other disease 
that may be considered as the source of the myocarditis. Occasionally this form 
of myocarditis has been found associated with exanthematous diseases. It may 
sause sudden death in children who had been apparently healthy and in whom 
progressive myocardial weakness developed, more or less quickly. Anatomically 
it does not vary in histologic details from myocarditis in acute infectious diseases. 

Myocarditis in bacterial and subacute bacterial endocarditis is often encoun- 
tered, and rarely diagnosed, clinically. In rheumatie endocarditis and the ‘‘rheu- 
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matic type’’ of endocarditis, myocarditis occurs frequently. ‘This is the only type 
of myocarditis recognized and diagnosed clinically with any degree of frequency. 

Miliary tubercles are found only occasionally in cardiac muscle. There is a 
type of myocarditis which occurs in tuberculosis without the formation of the 
typical granulation tissue. It is evident that this nonspecific myocarditis can 
not be called tuberculosis. In the older literature, miliary gummas and gummatous 
myocarditis are reported to occur in infants with congenital syphilis. At present 
they seem to be encountered rarely. 

Myocardial damage in uremia is rare, and may be explained by an extension 
of uremic pericarditis into the adjacent myocardium. Whatever may have caused 
the nephritis may cause the myocarditis. Myocarditis in trichinosis, blastomyco 
sis and virus, rickettsial, and various other diseases is also mentioned. 

Clinically, myocarditis may be suspected if, during the course of an infectious 
disease, a child suddenly becomes worse and begins to fail without apparent 
‘ause. Tachycardia out of proportion to the temperature, particularly if accom- 
panied by cyanosis, is an early sign that may direct attention to the myocardium. 
Cardiae enlargement is frequently present, and the blood pressure is usually low. 
The electrocardiogram sometimes reveals significant changes. 

In ninety-seven instances of myocarditis evidence of heart failure was noted 
thirty-two times. In the vast majority of these cases a diagnosis of rheumatic 
heart disease was made. Sudden death of patients with myocarditis was not un- 
usual; nine out of sixty children died suddenly. 

From our study it is evident that myocardial damage in children may and 
does occur in diseases other than rheumatic fever and diphtheria. The incidence 
of myocarditis in our series (6.83 per cent) indicates clearly that the possible 
occurrence of myocarditis during the course of an infectious disease must be 
borne in mind. The possibility of myocarditis having once been considered, fur- 
ther investigation may reveal additional confirmatory evidence. Perhaps the 
relatively high incidence of the clinical diagnosis of myocarditis for patients with 
rheumatic heart disease can be explained by the fact that it is generally accepted 
that myocarditis often occurs in patients with rheumatic heart disease. 

The incidence of myocarditis as determined by routine examination of the 
heart is seemingly low. However, we suspect, especially from our experience with 
myocarditis in poliomyelitis, that myocarditis in general would be found fre- 
quently and would no longer be regarded as a rare condition if the myocardium 
were carefully examined histologically for the purpose of ruling out, or substan- 


tiating the presence of, inflammatory disease. 
AUTHORS. 


Krost, G. N.: Rheumatic Pericarditis With Effusion in Patients Under Two 
Years of Age. .J. Pediat. 24: 514, 1944. 


Pericarditis with effusion in two patients below the age of 2 vears is reported 


as being of rheumatic etiology. 
AUTHOR. 


Hench, P. S., and Rosenberg, E. F.: Palindromic Rheumatism. Arch. Int. Med. 
73: 293, 1944. 


The authors describe an unusual, oft recurring disease of joints and adjacent 
tissues, thirty-four cases of which have been studied in the arthritic service of 
the Mayo Clinie since 1928. Its outstanding features are multiple afebrile attacks 
of acute arthritis and periarthritis, and sometimes also of para-arthritis, with 
pain, swelling, redness, and disability generally of only one, but sometimes of 
more than one, small or large joint, in an adult of either sex. The attacks appear 
suddenly and develop rapidly. They generally last only a few hours or days and 
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then disappear completely, but they recur repeatedly at short or long, irregularly 
spaced intervals. Despite the frequent recurrences and the transitory presence (in 
some cases at least) of an acute or subacute inflammatory polymorphonuclear exu- 
date in the articular tissues and cavity, little or no constitutional reaction or 
abnormality is revealed by laboratory tests, and no significant functional, patho- 
logie or roentgenographic residues occur even after years of disease and scores of 
attacks. 

Since the most obvious and characteristic features of the condition described 
are its frequent recurrences, its attacks and retreats, the term ‘‘palindromic’’ 
seems fitting and descriptive, and is proposed by the authors for this specific 
condition. 

Six typical cases are described in detail. There is a full discussion of the 
symptoms, signs, and laboratory findings. 

AUTHORS. 


MacKeith, R.: Adrenal-Sympathetic Syndrome. Brit. Heart J. 6: 1, 1944. 


Two cases of adrenal-sympathetic syndrome due to pheochromocytoma (chromaf- 
fin tissue tumor in the adrenal meduila) are described. 

The first is unusual in that, though the patient had minor attacks almost daily 
for four years, there was only one major attack, which led to a diagnosis and 
operation, with cessation of the attacks. 

The syndrome of chromaffin tissue tumors is reviewed. It is noted that, while 
many cases show widespread symptoms, others show only local symptoms, though 
the vasoconstriction is generalized. Paroxysmal hypertension is the one sign 
common to all attacks. The treatment is removal of the tumor. 

AUTHOR. 


Hiller, G. A., and Johnson, R. M.: Abdominal Aortic Aneurysm. Rupture Into 
the Jejunum Preceded by Occult Blood in the Stool. Am. J. M. Se. 207: 600, 
1944. 

A ease of arteriosclerotic aneurysm of the abdominal aorta with rupture and 
perforation into the jejunum is reported. 
Aneurysm of the abdominal aorta with pressure on the small bowel is a rare 


eause of blood in the stool. 
AUTHORS. 


Naide, M., and Saijen, A.: A Test for Vascular Tone in Human Beings and Its 
Application to the Study of Vascular Diseases With Special Reference to the 
Etiology and Prevention of Thrombophlebitis. Am. J. M. Se. 207: 606, 1944. 


A clinical method for the determination of ‘‘vascular tone’’ in humans is 
described. 

Results of vascular tone typing, carried out on 172 individuals, have revealed 
the wide range of vascular tone in normal persons and patients, and its significant 
role in the etiology and course of certain vascular diseases and in the selection of 
appropriate therapy. 

The importance of vasospasm in initiating thrombophlebitis or phlebothrombo- 
sis has been disclosed by the test. 

This test can indicate whether vasoconstriction and vasodilatation in different 
individuals are taking place in large or small vessels. 

The relation of vascular tone to basal metabolic rate, blood volume, blood 
pressure, cardiac rate, heat elimination, emotional stimuli, and size of the pupil 
have been studied and discussed. 


AUTHORS. 
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Master, A. M., Nuzie, S., Brown, R. C., and Parker, R. C., Jr.: The Electro- 
cardiogram and the ‘‘Two-Step’’ Exercise. A Test of Cardiac Function and 
Coronary Insufficiency. Am. J. M. Se. 207: 435, 1944. 


An experience gained over many years has proved the practical value of the 
‘‘electrocardiogram following the two-step exercise’’ in three ways: First, the 
blood pressure and pulse response indicate circulatory fitness by a standardized 
Second, the ECG, changes are an indication 


measurement of vasomotor response. 
Third, the control ECG reveals 


of the oxygen supply of the heart muscle itself. 
the presence of arrythmias and is an indication of the condition of the myocardium 
with the patient at rest. 

The test is of importance in differentaiting functional from organic heart dis- 
“ase, particularly when physical examination, roentgen-ray film, fluoroscopy, and 
ECG are negative. 

Positive changes in the ECG after the ‘*two-step’’ exercise indicate anoxemia of 
the heart muscle or coronary insufficiency. Both this test and the 10 per cent 
oxygen anoxemia test were performed on every person considered in this report. 
The ECG changes corresponded almost exactly in both tests. 

The exercise must be standardized for age and weight since changes occur in 
normal people if the effort is excessive. Tables giving the number of trips to be 
performed by normals have been published. In normal persons, the blood pressure 
and pulse return to within 10 points of resting levels in one and one-half minutes. 
The following changes in the ‘‘electrocardiogram after the two-step’’ are considered 
abnormal: A depression of the RST segment of more than 0.5 mm. in any lead, 
a change from an upright T wave to an isoelectric (flat) or inverted T wave or 
T-wave changes in the opposite direction. 

In patients with coronary heart disease the test is of particular value in detect- 
ing coronary insufficiency when it is latent. 

In valvular heart disease, the test discloses the state of cardiac function, and 
whether the cardiae output is adequate for the coronary arteries. 

In patients with hypertension, the control ECG often shows evidence of coronary 
insufficiency and, therefore, may not change after exercise. There is a lag in return 
of the blood pressure and pulse following the ‘‘two-step’’ exercise in effort syn- 
drome (neurocireulatory asthenia), and the ECG gives evidence of anoxemia of the 
heart muscle following exercise. In this syndrome we believe there is a congenitally 


small, hypoplastic heart which is inadequate on effort. 

In chest deformities and in congenital heart disease the ‘‘electrocardiogram after 
the two-step’’ is valuable. 

An upper respiratory infection, lung disease, gastroenteritis, fatigue and lack 
of sleep may produce abnormal results. 

The ‘‘electrocardiogram after the two-step’’ is a short, harmless and practical 
test. It is suggested that it should be a routine procedure in men over 40 years 
of age in the military service, and also for eliminating the unfit for special services 
where unusual physical and mental strain are experienced, as in aviation, sub- 
marine, raider forces, and so on. 

AUTHORS. 


La Due, J. S.: The Role of Congestive Heart Failure in the Production of the 
Edema of Acute Glomerulonephritis. Ann. Int. Med. 20: 405, 1944. 


The edema of twelve patients with acute glomerulonephritis was found to be 
associated with right heart failure, as indicated, in every instance, by an elevated 
venous pressure and cardiac dilatation. 

In nine patients, most of the symptoms of congestive heart failure were pres- 
ent, but, in three patients, the presence of peripheral edema was the only symptom 
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suggesting heart failure. More careful study of these three patients disclosed 
eardiae dilatation and elevated venous pressure. 

The importance of hypertension in the pathogenesis of and relief of the con- 
gestive heart failure which frequently complicates acute glomerulonephritis has 
been emphasized. The earliest objective evidence of improvement of the heart 
failure in seven of eight patients not given digitalis was a fall in blood pressure; 
the return to normal of the venous pressure, and the disappearance of edema 
occurred slightly later. 

There was a significant decrease in the diastolic heart volume of these patients 
after compensation had been established. This decrease was even greater two to 
four weeks’ after congestive failure had disappeared. The circulation time was 
normal or low in eleven of twelve patients studied, despite an elevation of the 
venous pressure. The pulmonic second heart sound was accentuated in eleven of 
twelve patients, suggesting the possibility of pulmonary hypertension. 

AUTHOR, 


Altschule, M. D., and Zamcheck, N.: The Effects of Pleural Effusion on Respira- 


tion and Circulation in Man. ,J. Clin. Investigation 23: 325, 1944. 


The effects of pleural effusion have been estimated in eight patients by com- 
parison of measurements of the lung volume and the respiratory and cardiovas- 
cular dynamics before and after thoracentesis. 

Atelectasis, decreased expansibility of the lungs, decreased negativity of intra- 
pleural pressure, and shallow respiration are consequences of pleural effusion; 
anoxia may occur. 

Increased peripheral venous pressure, a manifestation of impaired venous 
return consequent to changes in intrapleural pressure, is caused by pleural effusion. 
There are no changes in cardiac output or circulation time, at least at rest,:as a 
consequence of pleural fluid. 

It is concluded that pleural effusion impairs respiration and circulation in many 
ways, thereby favoring the occurrence of dyspnea and orthopnea; these symptoms 
will be most severe in patients who have extensive, diffuse disease of the lungs in 
addition to the effusion. 

AUTHORS. 


Ryder, H. W., Molle, W. E., and Ferris, E. B., Jr.: The Influence of the Col- 
lapsibility of Veins on Venous Pressure, Including a New Procedure for Measur- 
ing Tissue Pressure. .J. (lin. Investigation 23: 333, 1944. 


When arm veins are distended, the venous pressure measures central influences, 
and is independent of the local pressure around the veins. 
When arm veins are collapsed, the venous pressure measures the tissue pressure 
that has collapsed them, and is independent of central influences. 
The measurement of local venous pressure in freely collapsed veins offers 2 
means of measuring tissue pressure under conditions of equilibrium. 
AUTHORS. 


Schott, A.: Circulatory Failure Due to Vitamin B Deficiency. [rit. Heart J. 
6: 27, 1944. 


Three cases of circulatory disturbances due to vitamin B_ deficiency are de- 
scribed with special reference to some unusual clinical and electrocardiographic 
features. Two of the three patients took an excessive amount of alcohol, in the 
third case the condition was caused by deficient diet only. All responded to treat- 
ment with vitamin B.. 


AUTHOR, 
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Holman, E.: Further Observations on Surgery of the Large Arteries. Surg.. 
Gynee. & Obst. 78: 275, 1944. 


The author describes the surgical principles and technique involved in surgers 
of the large arteries. He also summarizes and discusses these principles. 

While the discussion is largely one of surgical technique, it should be of inter 
est to eardiologists as well, who must both make the diagnosis of cases suitable 


for such operations, as well as follow them afterward. 
McCULLOCH. 


Homans, J.: Deep Quiet Venous Thrombosis in the Lower Limb. Surg., Gynec. 
& Obst. 79: 70, 1944. 


Thrombosis of a quiet type (phlebothrombosis), commencing in the deep veins 
below the knee, is the source of most nonobstructive processes threatening pul- 
monary embolism as well as most obstructive inflammatory ones responsible for 
painful swelling of the whole lower limb (thrombophlebitis). 

Thrombophlebitis of the fully obstructive type presents no satisfactory indica- 
tion for operations, but rather for release of the associated vasoconstriction by 
lumbar sympathetic block. 

It is desirable, and usually possible, to distinguish an early stage of quiet, deep, 
venous thrombosis, when the process is still confined to the lower leg or has given 
rise to an unattached propagating thrombus in the popliteal and femoral veins, 
threatening pulmonary embolism. The signs of such a state are discussed and 
the clear indication for femoral interruption, to forestall or stop embolism and 
prevent the development of phlegmasia alba dolens, is pointed out. 

An advanced stage of quiet, deep, venous thrombosis, more or less adherent 
but not obstructive, can also be distinguished. Its signs are discussed. Thrombo- 
sis will often have propagated above the inguinal ligament into the external and, 
occasionally, especially on the left, the common iliac vein. With such a process, 
thrombosis of the deep veins among the muscles of the thigh (profunda femoris 
system) is usually associated. Thrombosis in these deep veins may even be 
present when no thrombus is found on exploration of the superficial femoral vein 
below the profunda. 

The advantages of interruption of the common iliac vein, for all such advanced, 
quiet, venous thromboses, are discussed, and the operative procedure, for both the 
right and left limbs, is described. 


Some observations upon interruption of the vena cava are made. 
AUTHOR. 


Suarez, J. R. E., Taquini, A. C., and Fasciolo, J. C.: Action of Atropine on the 
Minute Volume of the Heart. Rev. argent. de cardiol. 10: 291, 1943. 


The subcutaneous administration of 1 mg. atropine increased cardiac minute 
volume in six of the eight subjects studied. Pulmonary ventilation and oxygen 
consumption increased slightly in the majority of eases. In every instance, the 
heart rate increased in greater proportion than the minute volume. 

As a result of the changes in minute volume, pulmonary ventilation, oxygen 
consumption, and heart rate, the following changes occurred in the majority of 
cases: decrease of the arteriovenous difference, of the CO, of expired air, of the 
respiratory quotient, and of the cardiae output, and increase of the ventilation 
equivalents for O, and CO,,. 

The circulatory changes produced by atropine cannot be explained solely by 


the increase of heart rate and oxygen consumption. 
AUTHORS. 


Book Review 


HIPERTENSION ARTERIAL NEFROGENA: By Eduardo Braun-Menéndez, Juan Carlos 
Fasciolo, Luis F. Leloir, Juan M. Muiioz, and Alberto C. Taquini, Libreria v 
Editorial ‘‘E] Ateneo,’’ Buenos Aires, 1943, 462 pages, 93 figures. 

This book is the result of the cooperative effort of a research team at the 
Institute of Physiology of Buenos Aires. In the preface, Professor B. A. Houssay’ 
states that these men are his former co-workers, and a good part of the work 
recorded in this book was done under his direction. A glance through the index 
reveals the wide scope of the book and the emphasis placed on experimental work. 
Clinical and therapeutic problems, however, are not overlooked. 

The first chapter reviews different experimental methods of producing perma- 
The second deals with a functional and pathologic study of 


nent hypertension. 
Next comes a discussion of neurogenic and humoral 


the hypertensive animal. 
factors in the production of hypertension, with a study of the pressor substance 
excreted by the ischemic kidney. 

The fourth chapter describes renin, its general properties and method of prep- 
aration, and the type of reaction between it and components of the blood. Methods 
of assay, specificity, and different actions of renin are further described. 

A brief paragraph deals with the origin, properties, preparation, and actions 
of hypertensinogen (prehypertensin, renin activator). The following chapter is 
devoted to hypertensin (angiotonin). Methods of preparation and assay, and 
pharmacologic action on vessels, heart, kidney, respiratory center, metabolism, and 
smooth muscle are described; clinical effects are also reported. Angiotonin is 
described as a ‘‘pressor and vasoconstrictor substance due to interaction of renin 
and renin activator. It is probably a low molecular weight polypeptide. It is a 
dializable, thermostable, acid stable, alkali labile substance, soluble in water, 
insoluble in most organie solvents, easily destroyed by proteolytic enzymes. 
‘*Tts action is of the musculotropic type, being unaffected by either cocaine, ergota- 
mine, or Fourneau, being increased by veritol and tyramine.’’ 

Chapter 7 deals with hypertensinase (angiotonin inhibitor), and Chapter 8 with 
the formation, secretion, and destruction of renin in the body. The protective 
action of a normal kidney, the influence of endocrine glands and of pregnancy, 
and different vasoconstrictor substances are further studied. 

The following six chapters deal with human hypertension. 
cusses the medical treatment of nephrogenic hypertension, and Chapter 17, the sur- 
The last chapter compares experimental and human hypertension. 
The bib- 


Chapter 16 dis- 


gical treatment. 

An interesting appendix on methods and technique closes the book. 
liography comprises more than 1,100 references. 

This important monograph contains the latest contributions to the subject of ex- 
perimental hypertension, and reviews the subject from a well-balanced and objective 
point of view. It will be essential for experimental workers, and may prove better 
than many books on the clinical aspects of hypertension. 

LUISADA. 


*Professor Houssay has been working for the Rockefeller 
dismissal by the present governmental regime of Argentina. 
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